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PUBLIC HFAI1IH SERVICE 

NATICNAL INSTI'lUI'ES OF HEAL'lH 

RECClelNANT Lt'lA MOLEX::ULE ProGRAM ADVISffiY CCB1I'lTEE 

MINl1l'ES OF MEETING 1 

APRIL 27-28, 1978 

'!he ~canbinant rNA ~lecule Program Mvisory Q::mnittee (RAe) was convened 
for its eleventh meeting at 9 a.m.al,-April-27, 1978, in Conferen~ Fban 10, 
Building 3lC, National InstituiiaS-of.aealth, 9000 Rockville pike, Bethesda, 
Maryland. Dr. oawitt Stetten, Jr., (Chainnan) Deputy Director for Science 
presided. In acoordanoe with Public Law 92-463 the meeting was open to 
the public. 

Carmittee rneITtlers p;esent were: 

Drs. Edward A. Adelberg 1 Allan M. _ ~lli Peter R. Day: Susan K. G:>ttesman; 
o:::mald R. Helinski, Richa1:d B. BotniCk; Elizabeth M. Kutter; Emnette s. 
Pedford; wallace P. I«>Wel Jane K. setlow: John Spizizen; UlR:>y Walters; 
MiltOl Zaitlin; an::J William J. Gartlan:3, Jr., EXecutive Secretary. 

A ccimlittee roster is attached. (Attachment I) 

The follQling ad hoc consultants to the Catmittee were present: 

Dr. StAnley Falkow, tl'l.i.ver:si-ty ot "washll1gton. 
Dr. Harold Ginsberg, ColtmtJia COllege of Fhysicians arx1 SUIgeons, on 
sabbatical at BOckefeller univerlity. 

Othel:' National Institutes of Health staff present were: 

Dr. Stanley Barban, NIAID, Dr. mtanett Barkley, tel i Dr. Fred Bergmann, 
NIG\S, Mr. GeOrge Boden, CD; Mra. Betty Butler, NIQo1S; Dr. Philip Olen, 00; 
Dr. Irving oelappe, NIAID, Mr. '1tm Flavin, 00: or. IX>nald Fredrickson, 
Director; Dr. Michael Goldberg, NICKS: Mrs. Florence Hassell, q:>; Mr. Joe 
Hernandez, aD' Dr. John Irwin, tR)1 Ot'. Daphne Kamely, NIG1S; Dr. RUth 
Kirsehstein, NICHS; tr. Malcolm. Martin, NOOD; Dr. John Nor.vell, NIQU;; 
Dr. John Nutter, NIAID; £1:. JOseph Perpich, 001 Dr. Bernard Taltx>t, 00; 
Dr. Rudolf Warmer I DRS. 

l'lhe Me is advisory to the NIH, ard its reoaorrendations sb:>uld 
not be considered as fJ.nal and accepted. 'Ihe office of ~canbinant 
~ ACtivities (ORDA) ihould be consulted far NIH policy on specific 
issues. 
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!he following liaison representatives were present: 

Dr. George [)Uda, Department of Energy; Dr. Richard Hedrich, National 
F.lldownent for the Hunanities; Dr. Heman Lewis, National Science 
FoLU1dation; Dr. Daniel We iss, National Academy of Sciences. 

Others in attendance for all or part of the meeting were: 

Dr. Giorgio Bernardi, National Pesearch center, paris; Dr. John Baxter, 
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uni vers i ty of Cal i tornia , San Franc isoo; Dr. NalJtl Bers, Rockv HIe , Maryland; 
Dr. Paul Burnett, Eli Lilly Research Laboratories; Mr. Rick Curtin, 
JRB Associates; Dr. T. A. Fraser, Upjohn Research Laboratories; Dr. Denise 
Friello, GE Pesearch and oevelopnent; Ms. Edith Godette, OSHA; Mr. Sandy 
Gr imwade , Nature; Mr. lPbert M. Her il'¥3, '1tle Blue Sheet; Dr. George E. 
Holmes, Howard university; Dr. Paul Hung, Abbott Laboratories; Dr. Marilyn 
Hutchinson, NIOSH; Dr. R. P. Kahn, APHIS, USD\i Dr. P. J. Laipis, University 
of Florida; Dr. louis J..aloPtte, Jr., Center for Disease COntrol; Dr. paul 
l.Ovette, University of Maryland; Ms. Kathy Majerus, OSHA; Or. Janes M::Cullough, 
Library of Cbngress; Mr. Richard Riseberg, Office of the General Counsel, HEW; 
Dr. Waclaw Szybalski, university of Wisconsin; Mr. G. Tenenbatm, Braroeis 
uni versi ty; Dr. Charles We iner, Massachusetts Institute of '!echnology; 
Dr. Susan Wright, Ann Artor, Michigan; Dr. R. S. Yo~, NASA. 

I. CALL ill ORDER AND OPENIN3 REMARKS 

Dr. stetten called the meeting to order at 9 a.m., April 27. He 
introduced Dr. oonald Fredrickson, Director, NIH. :cr. Fredrickson 
summarized the activities at NIH since the current version of the Guidelines 
for 1«:!caubinant LW\ ~search was issued in June 1976. He stated that he 
was convinced that throUCJh the process used to release the Guidelines 
am publication of the Environmental Impact statement the public had con-
siderable input into the development of standards for recombinant DNA 
research. He also stated that specialists in a variety of disciplines 
had carefully scrutinized the premises an which the Guidelines were 
based. 

Dr. Fredrickson went on to list the conclusions that had been drawn 
concerning recanbinant OOA research. There is no evidence to date that 
manipulations of recanbinant rNA molecules yield any harmful products. 
Additionally, there is no evidence, since the publication of the Guidelines 
in 1976, to indicate that the probability of harm is likely. '!he results 
of the Falnouth conference on Risk Assessment of Recanbinant rNA Exper-
imentation with Escherichia 0011 K-12 [Executive secretary's Note: See 
Journal of Infectious oiseases-I37, 609-714 {1978}] indicate that E. coli 
K-12 ca.nnot be converted to an epidemic pathogen. Scientists attending-
the ~ - EM80 Workshop to ASsess Risks for Recanbi~t ~ Experiments 
Involvu!3 tEeGenanes of Animal, plant, ana-Insect Vl.ruses (Federal 
Register, 43, 13748 (1978» concloooo that viral genanes or fragments 
thereof cloned in ~. coli K-12 using approved plasmid or phage vectors 
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p::>se no npre risk than work with the infectious virus or :j.ts nucleic 
~ acid and in most, if not all, cases clearly present leslJ risk. 

Similar conclusions have been reached by agricultural sCientists, 
meeting under the auspices of the USDA, NSF, and NIH, who concllrled " 
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that current containnent levels for the clonin;J of mA fran plant pathogens 
in E. coli K-12 are too high. IX'. Fredrickson stated that, althm13h it 
was-rot possible to reduce the risk to zero, the butden of prOof should 
now shift to the o];p)nents of the research.Il:'. Fredrickson "then slIIUlIarized 
the recent steps taken by the NIH. At the meeting of the Director1s 
lldvisory Committee in I):cember 1977, there was universal sentiment for 
the exemption of certain experiments fran prohibition on the basis of a 
need for risk assessment. ']here was also agreement on the need for 
exemptions for rrost self-cloniD3 experiments, an:3 for experiments involving 
organisms that are known to ex~e genetic material. 

Dr. Fredrickson noted that Guidelines in other:. countries placed fewer. 
restrictions on scientists. '!be cw;rJIlt -Q.liqelines are too canplex and must 
be revised on the basis of new ev:ideriOe .P:'iOr to their plssible pranulgation 
as regulations. ~ then briefly described the procedures associated with 
release of a revised version of the Guidelines. 'Ibis will inclooe publication 
of the prop:>sed revised GUidelines together with an awiromental Impact 
Assessment arx1 a decision docunent explainin:J the rationale for the 
revisions. 1he public \I!1Ould have a period of time to camnent on the 
prop:>sed revised GUidelines. A final version \\Quld then be published. 

Dr. Fredrickson ooted that JllEI'llbers of the me and public c:x:mnentators 
had suggested further revisions of ~·Guidelines. '!he RAe at this meeting 
must take these suggestions into consideration am make further ~ 
mendations. JiJOOng the issues that need to be ad:iressed are a revised 
definition of recanbinant rNA, changes in the scop: of the GUidelines, 
a list of exanpted exchangers, alterations in the roles arki resr;.onsibilities 
of the investigator, institution and NIH, and the changes in the Containment 
guidelines for covered experiments particularly tOOse involving. viruses 
and plant pathogens. rr. Fredrickson .~gontinued by descrIbing in further detail 
the scope of sane of the cba1"tges •. aeo 

noted that in the prop:>sed revision 
the list of prohibited experiments t«)uld precede any list of exemptions. 
'!here was no need at the nonent to rE!lOCNe any prohibitions. '!be following 
five classes of exemptions are prop:>sed: recanbinant tNAs not in m:ganisns 
or viruses, recanbinant 00As fran a single non-chrarosana! source, recanbinant 
IliIAS fran a host "men propagated in that host, recanbinant tNAs fran s:Pecies 
that excharge ~ by PlysiolCXjical processes, arrl recanbinant WAs that do 
not present a significant risk to health or the environnent. In resp:>nse 
to a question fran Dr. Helinski Qf the RAe. Ir. Fredrickson stated that 
the definition of excllarv3ing spec.iescould inclooe both chraoosanal arrl 
plasmid exchangers as lon:J as stan:latds were set. He also p:>inted out 
that the definition of recanbinant ruA did rot repreSent a change fran a 
previous draft, but row included the concepts of exemptions cmj synthetic 
INA. 
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Dr. Ped.ford asked whether ad.equate public notice has been given for the 
proposed revisions of the virus and plant sections of the GUidelines. 
Dr. Fredrickson ooted that a re:port of the U.S. - EMBO meeting had been 
published in the Federal Rt;<Jister. '!he proceedings of the FaJ.rrouth 
meeting will be pUblished lJ1 the Journal of Infectious Diseases. In 
addition, the Minutes of this meedng wirralso be printed and made 
available to the public. Dt"'. Fredrickson iroicated that in its review 
the RAe may recarmeoo alterations of specific sections in the Guidelines. 

Dr. Fredrickson described other charges in the roles and resp::>nsibilities 
section of the Glidelines. '!he revised Glidelines ~uld extend to all 
recombinant DNA research at institutions receiving NIH funds for recombinant 
CNA research. He indicated that more resp:msibility for canpliance and 
nonitorill:3 would be delegated to the local level. All Chairmen of IBC 1 s 
will be inv ited to attend an NIH-sp:msored briefing at which these new 
responsibilities would be explained. '!he shift in the locus of resp:msibility 
~uld inclLrle the followil'¥3 corrlitions: an explicit single set of standards 
for the CoOOuct of the research, necessary canpetence within the IBCs, a 
clear understanding that sanctions w:>uld be imp:>sed for OOII-canpliance, 
fOst-hoc review of all IBC actions by CJRIll\, and maooated public participation 
on the IBCS. Dr. Fredrickson also stated that there w;:)uld be a canpliance 
section with penalties for violation of the GUidelines that could exteoo to 
cessation of all grant support. 

Dr. Fredrickson then discussed the need to permit voluntary registration 
of non-NIH recanbinant rNA projects, particularly in the absence of 
legislation. He asked the RAC to consider the question and decide up:m 
their willi1"¥3ness to review iooustrial projects. He noted that they 
must keep in mW penalties for the unauthorized release of proprietary 
information. Dr. Rutter asked aoout IBC resfOnsibilities in the event 
of non-canpliance, particularly where there ~re repeated violations. 
Dr. Fredrickson replied that these situations will have to be considered 
on a case-by-case basis. 0:. Redford asked how it w;:)uld be fX)ssible to 
check on the activities of IBCs. Dr. Fredrickson indicated that there 
will be no NIH inspection force and that leg islation. if passed, w::luld 
give such resfX)nsibility to another agency. NIH will monitor membership 
of IBCs ani aid in self-regulation. A related issue was raised by 
Dr. Susan Wright wtn expressed concern that the shift of approval authority 
to the IBC was a major change in the review procedure. Sle asked ~ether 
there \\QuId be a further public hearirXJ on this prop::>sal. Dr. Fredrickson 
replied that a public hearing was under consideration (note added after 
meetirg: a public meetir:g urxler the auspices of the Secretary will be 
held September 15, 1978). In response to a question about interagency 
cooperation, Ot'. Fredrickson replied. that these chan;Jes only applied to 
NIH, but he hofed that other agencies \t,Ould accept them as 'Well. 

At the conclusion of the discussion Dr. Fredrickson noted that this 
would be Or. Stetten1 s last meeting as Cllairman of the RAC, and canpli-
mented him for his service in that capacity since the first meeting of 
the RAC in R:!bruary 1975. 
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I I. ~ OF RECbMMENJ::ll\TICNS FOR QIAK;ES IN 'IH!: PROrosED RMSED 
GJIDELINES - SELECl'ED ISSUES FOR CXft.UTl'l'EE RE.VIE.W 

Attached to the Minutes (AttadJQentfI) is a doct.rnent entitled "sel~ted 
Issues for Cbmmittee Rwiew" that was sent to RAC members. A. mllJb$~ 
of questions were addresst:rl to the RAC. For the purp:>se of the Minutes 
Attachment II has been anrotated in the margin to indicate questions,i.e., 
A, B, C, etc. 

A. '!he RAe unanimously accepted this sll3gestion that the 
definition of recanbinant INA (and therefore the soope of 
the Qlidelines) CXNer recanbinant rNA molecules whether 
inside or outside of oIganisms. 'Ihe "ptOhibitions" and 
"exemptions" sections to follow will then make recanbinant 
rNA molecules outside of organisms or viruses either 
prohibited (for example, derived fran Class 3, 4, or 5 
organisns as defined in the COC "classification of EtiolOJic 
~ents on the Basis of Hazard") or exempt fran the Guidelines 
(see below). 

B. '!he PAC accepted the _s~\lj.on that the definition of 
recanbinant rNA rotincl\Xle the itEms "capacity to infect" 
or "natural thysiological processes." 'ltle proposed substitute 
definition in Attachment II was accepted, except that the 
RAe wanted the l«>rds "or be integrated into the gencme 
of" to be deleted. 'lheir suggested definition \\Ould 
thus s~ak to "nolecules that have been constructed. outside 
living cells by joining natural or synthetic mA segments 
to I:NA molecules that can replicate in a living cell. If 

C. '!he RAe concurred with the concept of fIIO\1ing the pr0-
hibited experiments before the exempted experiments so 
that the exemptions WJuld oot apply to experiments previously 
described as being prohibited. '!he canmittee then entered 
into a lengthy and detailed discussion of the five classes 
of exempted ex~r.iments (see Attachment III fo~ pro};X>sed 
list of exemptions). 

Class i: 

'lhe RAe adopted exemption (i), but then voted (10 in favor, 
2 opp:>sed) to delete all material fran exemption (i) ~which 
aweared in parentheses and nove it instecrl to Appendix D of 
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the prop::>sed revised Guidelines. Or. Stetten expressed the 
reasoning for this as that one should rot exempt sanething fran 
guidelines and then llnnediately turn around and give guidance. 
This matter was brought up again later, with the suggestion 
that only part of this parenthesis be deleted but 
that there be retained the part \tlhich says II (HOwever these 
soould te inactivated prior to disp:>sal) ." '!his notion was 
defeated 7 votes to 6. 

A motion then passed Lnlanimously to add at the end of exemption 
( i), .. (See Appeooix D)." 

Class ii: 

'!he RAe unaninously adopted exemption (ii) of Attachment II. 

Class iii: 

'!he RAe adopted exemption (iii), but then rewrote it as follows: 

n iii. 'those that are derived fran plasnids or 
viruses indigenous to a bacterial host (or 
found in nature in that host) where the 
recanbinant rNA molecules prepared fran those 
plasmids or viruses anj oost genane are pro-
pa.gated within the host (or a closely related 
member of the same species)." 

Following this, a motion to strike the ¥.Ord "bacterial" in 
iii was defeated 8 votes to 5. 

en the next day, a second part was added to exemption iii 
(rnc.x:lified slighUy after the RAe rneetirg by Drs. Zaitlin an:9. 
Talbot for clarity)-namely, tlor derived entirely fran the 
organelles (e.9., chloroplasts or mi ~oooor ia) of an organism 
M1ere the recanbinant rNA molecules prepared fran the organelles 
are propagated within that organism (or a closely related member 
of the same species) ." 

Class iv: 

'Ihe RAe adopted exemption (iv) with the w::>rd "chranosanal11 

deleted. 

Q1 the first day of the meeting, Dr. Falkow presented to 
the RAC a series of possible lists of organisms which 
could be recamnended by the RAC to form the initial 
list of Ii species that exchange OOA" as discussed in 
exemption iv. 'ttlree different lists were discussed in 
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detail. VOtes were taken onil~ptance oi,.t;be lists 
or of the principies used to construct the lists. 
When Dr. FalkDw presented his lists on the first day 
of the meeting, adoption of his Table 4 (similar to 
Attacl'1l\ent IV-A), was recatIl'IE!rrled unaniJoously by the 
RAe as a list for exemption iv. 'ilie principles used 
in creating Dr. Falkow's Table 3 (which is the same 
principle used to construct Attachment IV-B), was 
reccmneooed by the RAe (by a vote of 9 to 3) as basis 
for the exemption iv listt~ <Amotion to accept 
Dr. Falkow's Table 1 with specified toodifications 
(\\bich is very similar to AttaclJnent lV-C), as the 
exemption iv list, passed by a vote 7 to 5. 

'!here was an opinion expressed by a member of the RAC 
that pathogens such as Neisseria gonorrhoeae should 
not be on the list. a:>wever, Dr. 1\delberg reminded 
the RAC the concept had been in:treXiUCErl in the ptop:>sed 
revised Glidelines ofexcl-.yjing.'ofran the Q1idelines 
non-novel recanbinant tfiA whether or oot CO: Class 2 
pathogens were involved. A motion that criteria of 
genetic exchange be applied in developing the list 
for exemption iv and that pat,b:)genici ty (i.e., CO: 
Class 1 vs. Class 2) oot be considered relevant in 
this context (recognizing that use of Class 3, 4, and 
5 COC agents is prohibited) passed unan:i.nously. 

On the secorvj day, [rs. Helinski and Spizizen pr:esented 
revised lists based on the same concepts as the three 
Falkow lists, but eml:xx1ying sane changes in the lists 
themselves, and the RAe made further slight anerdnents. 
'Ihe three final alternate lists are attached as Attachments 
IV-A, IV-B, am IV-C. With each of the alternate lists, 
any organisms appearing on the list are be be considered 
"exc~ers" ani therefore any recanbinant ll'U\. molecules 
canp::>sed entirely of rl>tA ~ts caning fran any members 
of the list, to be pt'Opilgated in any member of the list, 
~uld be exempted under exemption iv. (Ole exception 
to this is in Table IV-C where H. influenzae and H. 
parainfluenzae fot:m a two-membered list separate fran 
the main 19-membered list.) 
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Given at the top of each list is a description of the 
criteria used to construct the list. 'Ihus the Attacl'lnent 
IV-A list is canJ;X>sed of "otganisns of the Ent.erobacteriaecae 
family which exhibit chraoosanal OOA relatedness (20% or ITDre 
hanologyof INA of various pairs tested) and genetic recan-
bination of R-prime (R plasmid carryiD3 chraoosanal genes) 
transfer to E. coli K-12 IOOdiated by the IncP-l plasmids." 
The larger Attachment IV-B list includes all the members' 
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of the Attachment IV-A list but adds additional members. All 
the members of the list Ilexhibit R-prime (R plasmid carrying 
chrarosanal genes) transfer to E. coli K-12 mediated by the 
IncP-l plasmids. 1I 'Ihe larger Attachment rv-c list contains 
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all the members of the Attachment IV-B list but adds aooitional 
members. All members of the list "p:>ssess R plasmids (inclooing 
R plasmids of tre IncP-I group) transferable to §. coli K-12." 

Dr. Falkow' s handout inclu:ied tables of data and a list of 
references. J:rs. Helinski and Spizizen pranised to send to 
ORDA a list of published references supporting all the entries 
on the list in Attacrments IV-A, IV-B, and rv-C. 

Class v: 

'!he RAC adopted exemption (v). 

In considering items to be put under exemption v on the first 
day of the meetirg, it was suggested that cloning of Saccharanyces 
cerevisiae DNA in E. coli K-12 be a specific case. 'll1is was not 
adopted. - --

01 the secoOO day of the meeting, a motion passed unanimously 
that llself-cloning" of Saccharanyces cerevisiae be a specific 
case of exemption fran the GJidel ines under exemption v. 

A composite text indicating all these changes is attached to 
the Minutes as Attachment V. 

D. Dr. Talbot explained that the suggestion was being withdrawn 
and the RAe concurred (i.e., there will be no footnote to Pro-
hibition (i) stati.n3; that the prohibition ofetiol03ic agents 
relates only to research in the U.S.). 

E. '!here was general agreement by the RAC with this concept that 
institutions receiving NIH funding for recombinant DNA research 
shall comply with the NIH Guidelines for all their recombinant DNA 
research inc1et:endent of the source of funding. It was discussed 
whether this should be extended even further to all institutLons 
that receive any Nrn (or ferhaps any HEW) funds, i.e. 1 not only 
those that receive NIH funds for recanbinant r::NA researdl. A 
motion was accepted in principle that all institutions receiving 
NIH funds for recanbinant DNA research shall perform all their 
recanbinant INA research, indefendent of the source of funding, 
in accordance with the standards of the NIH Guidelines. '!his 
motion distinguishes between following the standards of the 
Qlidel ines which \<WOuld be required, aOO following all the admin-
istrative ~edures of the Guidelines (MUAs reviewed by ~, 
etc.) which might not be required. 
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F. '!he RAe erXlorsed retention in the Guidelines of the specification 
in the description of a P3 laboratory of an autoclave "within the 
buildirg, an:] preferably within the controlled laboratory area." 

G. '!his issue prop::>ses al ternative ~rding of the secorrl sentence 
of the definition 'of HVl. '!he definition of HVl was discussed 
a number of times on both days of the RAe meeting; discussion 
of specif ic cases requestirr:;J interpretation of the 1976 
Glidelines in regard t&'-usineJ b:>sts other than E. coli K-12 
led the RAe also to consider !-ow these specific-cases ~uld 
be treated in the proposed revised GJidelines, Le., would 
they meet the definition of HVl? 

'Ihe RAC, rather than re~tding the secorrl sentence of the 
definition of HVl as prop:>sed in Question G of Attachment II, 
preferred instead tD delete this sentence. 'lhe definition 
w::)uld thus rec:d: "a. HVl. A wst-vector system which prov ides 
a mooerate level of containment." 

other re~rding (to chaD3e sane of the language just preceding 
the definition of HVl, where biolog ical containment in general 
is discussed) was prop:>sed but not adopted by the RAC. 

'lhroLgoout the discussion it became a~ent that sane host-vector 
systems might not meet the criteria for HVI but still might be 
considered by the RAe as safe systems provided they are used 
under specified o:ntaiment levels. 'lhe proposed revised Guide-
lines do not discllBs this fOssibility. 'lherefore, there was 
strong endorsement for inserting into the GJidelines larguage 
which would permit this and other flexibility, i.e., a general 
flexibility clause. 

H. '!he RAe, by a vote of 11 to 1, rejected the suggestion in 
Attachment II of deletirg the requirement for HV3 that lithe 
relevant genotypic aOO };i1enotypic traits of such HV3 systems 
have been iooepen:1ently confirmed," i.e., the RAe wishes to 
retain this requirement. 

I. The RAe expressed willingness to review requests from the private 
sector (e.g., for interpretations and exceptions fran the Guide-
lines and certification of new host-vector systems). 9::me members 
did not really wish to be involved with pvoprietary data but 
agreed reluctantly. IX. stetten felt that NIH should undertake 
to review EK2 host-vector systens only if they ~uld be made 
freely available to other investigators; if a system is truly 
safer, then not sharirg it with others is wrorg. Other carmi ttee 
members agreed. 
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A motion passed unanimously that the RAC expressed its willingness 
to review proposals fvom private industry and provide the necessary 
confidentiality, provided that the submitter agreed to abide by 
the standards of the NIH Guidelines. 

J. This item was covered during the discussion of viruses (see below). 

K. The RAe accepted the recommendation that the Guidelines provide 
that the Director, NIH, on the recommendation of the RAC, may 
designate certain of the agents listed as Class 2 (in the CDC's 
Classification of Etiologic Agents on the Basis of Hazard) to 
be considered as Class 1 agents for the purposes of these 
Guidelines. 

L. The RAC accepted these recommendations and made added suggestions. 
& The Section on "Prokaryotic DNA Recombinants" (i.e., Section 
M. III-B-I-a (2) of the proposed revised Guidelines) should read: 

.. (2) Prokaryotic DNA Recanbinants 

{a} Prokaryotes that exchange genetic information 
with E. coli. It is expected that prokaryotes 
that exchange genetic information with E. coli 
will be exempted from these Guidelines by appearing 
on the 'list of exchangers' (see exemption iv). 

For those not on the list, the containment 
levels are PI physical containment + an EKI 
host-vector. In fact, experiments in this 
category can be performed with E. coli K-12 
vectors exhibiting a lesser containment 
(e,C., conjugative plasmids) than EKl vectors. 
However, for prokaryotes that are classified 
as Class 2 (footnote) in reference 5, the 
containment levels are P2 + EKI. 

(b) Proka tes that do not ex chan e enetic infor-
matIon WIth E. 0011. P2 physlca contaInment + 
an EKI host-vector or PI + EK2 except for DNA 
from CDC Class 2 (reference 5) agents (footnote) 
which require P3 + EK2." 

N. The RAC accepted the addition to the Guidelines of a Section 
dealing with synthetic DNA. The proposed language in Attachment 
II was accepted with some modifications. This Section would 
read: 

"Synthetic 00As 

"If the synthetic DNA segment can or might yield a potentially 
harmful polynucleotide or polypeptide (e.g., a toxin or a 
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phaDnacologically active agent), the contairment corx1itions 
should be the same as \<tOuld be used for propagating the natural 
INA counterpart. 

"If the synthetic INA sequence codes for a harmless produCt, 
it may be prop&3ated at the same containnent level as its purified 
natural rNA counterpart. Fbr example, a synthetic INA segment, 
to be propa:;ated in E. coli K-l2, which corresFOoos to a ron-
harmful gene of birds, 'f«)uld require P2 physical containment 
plus an EKl host-vector, or PI + EK2. 

"If the synthetic J:NA segnlent is oot expressed in vivo as a 
fOlynucleotide or FOlypeptide product, the orgaiUSiiSContainirg 
the recanbinant INA molecules are exanpt fran the Guidelines." 

O. '!he Me accepted the expansion of the section on "Furl:Jal or Similar 
IDwer Eukaryotic Bost-Vector Sys~. n '!he prOFOsed language in 
Attachment II was accepted with one mcx1ification. '!his section, 
inchrling minor suggestions for clarity added by Il:". Q:>ttesman 
after the RAC meetirg, \\Ould then read: 

"Fungal or Similar Lower EuJsa.rxotic Host-Vector Systems 

"'!he contairment criteria for OOA recanbinant experiments using 
these host-vectors most closely resemble those for prokaryotes, 
rather than those for the preceding eukaryotes, since the oost 
cells usually exhibit a capacity for dissemination outside the 
laboratory that is similar to that for bacteria. 'lherefore, the 
procedures established for certification of HV systems other 
than E. coli K-12 (Section 1I-D-2) will also apply to these 
fungal" orsIinUar lower eukar}'otic oost-vector systems. 

n()lee approved by NIH, HVl systems may be used under P2 contai~ 
rnent for shotgun experiments with Fhages, plasnids, and INA 
fran prokaryotes other than cre Class 2 agents (footrote), am 
10lEr eukaryotes that do not produce fOlypeptide toxins. Other 
classes of recanbinant INA experiments with these HVI systens 
will require prior approval and classification by NIH. Should 
HV2 or HV3 systans of this type be developed am approved by NIH, 
guidelines for their use in other types of recanbinant rNA 
experiments will also be established." 

P. 'lhese concepts were accepted by the RAe, i.e., me rev iew and 
& canpliance with the starrlatds of the Guidelines \<tOuld be required 
Q. for all recanbinant rNA research at institutions that received 

any NIH fUD:.is for recanbinant OOA research (except, of course, 
for research CO\1ered by one of the exemptions fran the Guidelines) • 



A1~KIL 27-28-MINUTES OF MEETING 12 

R. 'l11is item (research can begin upon IBC approval without ORDA. prior 
approval) was discussed extensively and accepted by the RAe 
since it \\Quld mean less unwarranted delay. Arrong the questions 
that were raised was a concern about the number of MUAs approved 
by IBCs that were later disapproved by QR.I).l\. Dr. Kamel y noted 
that same of the~ were situations not explicitly CQVpred by the 
G .. lidelines aOO tl"u~ requ~red interpretation. other issues incltrled 
the possibility of research being initiated that was not in c~ 
pliance, the inability of NIH to stop furxHng until the laOOratory 
was actually shown to be in non-canpliance, and the fact that not 
all lBCs \\QuId have the same attitude toward self-regulation. One 
RAC member did note that approval of human subject experimentation 
was handled effectively at the local level am \\QuId set a 9oo:l 
precedent. 

S. 'Ihese items {Le., ()R1l!l. post-review of ongoing projects 
& and the responsibility of the IBC to modify a research protocol 
T. when ORIV\. finds it is in noncanpliance with the Guidelines) ~re 

endorsed by the RAC. ORDA prereview WDuld still be expected on 
new grant applications. 

U. 'Ihese i terns (Le., change of name to institutional bio-
& safety committee and their mandate to make an independent 
V. evaluation of the containment levels required by the Guidelines) 

were endorsed by the RAC. 

W. 'niis item (i.e., that public manbership on the IBC be mandated) 
was discussed extensively. Dr. Redford suggested that there 
be at least t\\Q public menbers. IX. Kutter suggested at least 
one latoratory technician. Other RAC members objected stroIl3ly 
to NIH telling institutions who should be on their committees. 
Dr. Adelberg felt it was not an issue on which this scientific 
carrnittee should be giving advice. A motion by Dr. Iedford that 
it be suggested (not mandated) that institutions give consider-
ation to appointing one or rrcre public menbers and one or more 
laboratory technicians to their IBC passed with 7 in favor and 
5 opp:>sed. 

X. 'ilie RAC rejected the suggestion in Attachment II that "some 
person or persons be collectively responsible for biosafety 
monitoring of recanbinant INA research at the pI through P3 
levels and that a special biological safety officer be desig-
nated with certain resp::>nsibilities at the P4 level. II '!hey 
preferred the language in the prop::>sed revised Guidelines that 
"each institution in which recanbinant rnA research at a P3 or 
P4 contairment level is being conducted shall designate a 
biolog ical safety officer. II 
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Y. '!he RAC accepted this suggestion that the biological safety 
officer be a member of the !BC. 
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z. '!he RAe accepted this suggestion (that a section on penalties 
be incltrled and that it be stated that violation of the NIH 
Guidelines may result in suspension, limitation, or tennination 
of NIH grants or contracts). r:r. Bedford preferred that it 
state that the suspension, limitation, or tennination would be 
for NIH recarbinant DNA research grants or contracts, i.e •• 
not to inclUde totally extraneous grants or contracts. 

M. '!he RAe accepted this suggestion of incllrling a registration 
section. 

00. '!he RAe accepted this suggestion to peIl1lit voluntary "registration 
am certification by institutions in the private sector .11 'l11e 
concept was reiterated that if NIH is perfonning a service for 
iooustry f we should expect in return their agreement to follow 
the standards of theGJidelines. 

CC. '!he RAe accepted the inclusion in the Guidelines of "a provision 
on disclosure of information that w::>uld set general p:>licy guide-
lines in regard to patents. II 

II I. Fl<2 HOST-VEC'IOR SYSTEf.5 

A. Plasmid Systems 

Dr. ildelberg surmnarized the deliberations of the plasmid w:,rking 
Group which had met on April 26. 

1. x2282 

The PAC voted unan:iJoo.usly to reccmnend approval of X2282 for 
use as an EK2 host in place of x1776 for the cloning of the 
mouse dihydrofolate reductase gene, provided that an approved 
EK2 vector is used. 

'!he Cbmnittee noted that Dr. COhen has suanitted data showing 
that the thyA+character has not decreased the sensitivity 
of X 2282 to Ill\P deprivation or to bile salts. '!he thyA+ 
character soould rot alter the ability of X2282 to meet 
criteria nor transmissibility, since the transmission tests 
that are required are done in the presence of thymidine. 
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2. X1776 (ESCI01) and X 1776 (fCR1) 

At its June 1977 meeting, the RAe adopted explicit criteria 
for host-plasmid systems pvoposed for EK2 certification. 
At its O::!tober-November 1977 meeting, the RAC passed a motion 
that the systems ~776 (pSCI01) am -J 776 (pCRl), which were 
certified prior to these criteria, should be rerevie~ by 
the plasnid IDrkirg Group. Additional data on these systems, 
along with xl776 (pMB9) as a control, were sWnitted by 
Dr. ]by Curtiss. 'Ihe IDrkil¥3 Group concllX1ed that the data 
show that X 1776 (pCRl) is definitely inferior with regard 

. to transmissibility, an::] recannerrled that this system should 
not be allo~ for any new cloning since superior plasmids 
are available. However, the w:>rkil¥3 Group recoomerrled that 
existing clones need not be destroyed because j776 (peRl) 
is safer than required by the Guidelines for an EK2 system. 
'!he RAe voted unanimously to accept this recaranendation. 

'!he decision concerning pSClOl (an::] also pMB9) will be 
deferred until the Oammittee can obtain the following 
data: 

Mobilizing Vector 

R549 drdl 
Rl drdl9 
R64 drdll 

EK2 System 

pMB9 
pSClOl 
pBR322 

'!he IDrking Group is requesting that additional data be 
obtained because new data fran R:>y Curtiss show one plasmid 
which mobilizes pMB9 at a higher rate than previously 
seen, and another plasmid which does the same for pSClOl. 
'!he w.Jrking Group wants to see these eX];:eriments re};eated, 
with controls, before it reconsiders its p;:>licy on acceptable 
limits (\tohich is based on the best };erformance available), 
and/or on the status of pMB9 and pSClOl. Dr. Nutter was asked 
to assign this testing to Dr. Clowes. '!he RAe accepted these 
reconmendations. 

3. x1776 (paP203-3) 

The RAe voted unanimously to accept the recommendations of 
the plasmid W'Jrking Group to request rl x r data fran 
Dr. Giorno before acting on his request that p)P203-3 with 
xl776 be certified as an EK2 host-vector system. F-lac 
should be used as one of the mobilizing plasmids. 

'!he w:>rking Group noted that the insertion of a 203-base 
pair segment of the lac gene may confer hanology with a 
mcbilizing plasmid (and must do so in the case of F-lac), 
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am therefore may affect transnissibility. R3 data are 
not sufficient, acootdin1t;QthEL"Instructions to Investigators". 

4. tob:iification of Existi.rL9 Fl(.2 Plasmids to Permit EK3 Testing 

'!he plasnid w:>rkilYJ Group has learned that efforts to accanplish 
mo::lification of existing EK2 plasmids to };:€rmit EI<3 testing 
are Lll"rlerway in the laboratories of [J:'S. Helinski, Curtiss, 
am VaIX'lek. It is unlikely that any will be ready until 
late next fall. 

5. 'lhe O\rAnderson manuscript;: , IX. Melberg ooted that the 
claim bY au IiiXi Aiilerson to' have dem:Jnstrated ~ x F-
recanbination (inclwi~ xl776 x F'"') bas been challelYJed 
by rr. tbrton Zimer (personal carmooication), who has obtained 
evidence that one of their "F II strains carries an unexpressed 
conj ugal plasmid. '!he w:>rkirg Group will defer action on 
testing criteria for x1776 x ~ recombination until it 
has had confirmation of the pheooneral fran trs. Falkow, 
CUrtiss and IDw, who are indep!ndentlyexperimenting with 
other ~ strains. '!hey will look for- transfer of a 0011-
conjlJ3al plasmid as well as chranosanal marker recanbination, 
as a more sensitive test. 

B. phage Systems 

'!he reJ:X)rt on fhage systems was presented by Dt:'s. Cmn.r;:bell and 
Gottesman. 

1. In vitro packaging 

The PAC at its o:::tober-November 1977 meeting had a,wroved 
an in vitno packagilYJ system for use with certified EK2 lambda 
systems. '1he CbrIrnittee had specified criteria, inclwing W 
irradiation, that must be satisfied for each packa3iDJ extract. 
Dr. Gottesman discussed the requirements for in vitro packaging 
systems for lambda pha;e r~inants in the TIgfit ol carments by 
several investigators that fN irradiation should rot be required. 
'!he RAe felt that UV irra:Uation need rot be a specific requirement, 
and adopted revised criteria (Attacment VI) • A statement on 
verification of safety features in EK2 vecbors bearing cloned 
segments was also adopted. ']hese requirements will te published 
in the Bulletin. 

2. r-t:x1ified AgtWES .AS 

The OXmIittee reviewed a request fran trs. Bell and Rutter to 
use a modificatLon of AgtwES.AB as a certified EK2 system. 
'!he EK2 vecbor has been slightly modified so that segments 
can be joined by dA-dT tailing am. thus ot:Niate the need bo 
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use Eoo Rl. '!he Ccmnittee considered this to be a minor 
modification and recommended approval of the general principle 
that is joining a cloned segment to the vector of an EK2 
system, dA-dT tailing can be substituted for restriction 
enzyme joining without special approval. 

3. Charon 2lA 

The Cbmmittee reviewed an application fran Dr. Frederick 
Blattner's laboratory for EK2 certification of a host-vector 
system based on phage Charon 2lA. Claron 2lA is a rec<;:robinant 
between J.gtWES .).B am Charon phages, and can be considered to 
be an improved modification of Charon l6A which is certified 
for use in EK2 systems. It appears to satisfy all the requirements 
for EK2 phage systems, but had not been considered in detail 
by all members of the subcommittee because of the late date of 
subnission of the application. '!he RAC voted to reccmnend 
approval of Charon 2lA subject to confirmation by mail ballot 
fram the subcammittee. 

4. production and Testing Contracts for EK2 Systems 

Dr. John Nutter of NIAID described the production and 
testing contracts awarded for EK2 and EK3 systems. In 1976, 
NIAID let four contracts for the development of EK2 systems. 
The contractors were: Fred Blattner for the production of the 
Charon phages 3A, 4A, l6A; DOnald Helinski for plasmid vectors; 
Dan Ray am Fred Wilcox for the developnent of a three canfOnent 
Ml3 vector (this contract has recently received a no cost 
extension) am Roy Curtiss for the development of xl776 and 
other E. coli hosts. All these contracts have or will terminate 
in the-ne~uture. 

At the same time contracts were awarded for the testing of 
EK2 systems and their possible elevation to EK3. The 
contractors were independently to verify the genotype 
and phenotype of the host and vector and then to determine 
their survivability. verification was to be done by 
Dr. DJdge for ~. coli hos ts x1776 am DP 50, Dr. Lieb 
for larnt:da phages, and Dr. Clowes for plasmid vectors. 
Drs. Freter and Levy were to determine baseline data under 
culture conditions, and in mice and humans. A contract 
has also been awarded to test simulated accidental spills. 
A sewage testing contract is still to be negotiated. 

A third type of contract was awarded to Josephine Curtiss 
at the University of Alabama to propagate and package 
EK2 systems. The material will be returned to NIH for 
distribution. A announcement of availability will appear 
in the next issue of the Bulletin. 
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'!he RAe went on record that xl776 (pBR322) should be tested for EK3 
properties. 

IV. OJNSIDERATlOO OF MINUTES OF PREVIOOS MEm'IN:3 
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Dr. Helinski requested that Page 4 of the Minutes of the Octcber-
November, 1978 meeting be nn:1ified to indicate that the Falroc>uth 
meeting had served as a forun for the exchange of previously published 
data on the ecology of E. coli. 'lhe Minutes were approved subject 
to this am several other 'iil'I'OOr mc:xhfications. 

V. RmUESTS FOR REOOCl'rOO OF o::Nl'AINMENl' lEVELS FOR CHARAcrERIZED CI£NES 

A. '!he Ccmnittee reviewed a request by £.1:. D:>nald Brown for approval 
to lower the containment levels to P2 + EKl for character ized 
clones containing the SSOOA fran Xenopus, and to intrcx1uce minor 
modifications in the clones by reaction with sodium bisulfite 
or 51 nuclease. The CcrmIittee ooted that deletions or substitutions 
produced by chemical reaction w::>uld rot drastically alter the 
rNA. '!he ccmnittee approved the reduction of contairment levels 
for the characterized clones to P2 + EKl, and lI1animously passed 
a J1'Otion that the clones can continue to be handled urrler P2 + 
EKl cc:>rXiitions after chemical treabnent as described in the 
request. 

Dr. Ibwe then male a motion that investigators who wish to mcrlify 
characterized clones by mutagenesis or by minor substitutions or 
insertions need rot obtain approval fran ~ before w::>rking at 
lowered contairnlent levels. In such cases, approval by the me 
is recamnended but not required. 'lhe motion was passed lI1anUnousl y • 

B. A request by ~. R:)nald Reeder to lower the contairment level 
for a ser ies of clones fran Xenopus was considered. '!he request 
includes a series of rigorously characterized clones of ribosomal 
genes and subclones thereof, the cloning of ribosnal rNA of 
greater than 99% purity fram the somatic cells of a single frog, 
the cloning of histone genes fran Xenopus anbryos, and the cloning 
of genes fran xenopus CXlCyteS. '!he RAe unanirrously approved all 
of the requests at the P2 + EKl levels of containment. 

C. A request fram Ir. Fd:lert lbeder to allow the propa;Jation of a 
hybrid vector canp:>sed of lambda };hage and a 3000 base segment 
fran Xencpus containing tRNA genes was approved by the RAe at 
P2 + EKl containment. lobst of the Xenopus insert consists of 
spacer which was rot considered by the Coornittee to be harmful. 

D. A request by ~. Sherman weissman to lower the containment level 
to P2 + EKl for characterized plasnids JWlOl and JWl51 containill3 
hWlan and garruna globin rNA was lI1animously awroved. '!he inserts 
are 800 bases 1003 am partial sequenci03 data on 50 bases srows 
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canpatibility with the amioo acid sequence. Analysis with 
restriction endonucleases shows the expected pattern of fragments. 

E. A request by IX. carl Schildkraut to propagate characterized 
plasmids (:zMaG and ZMSG) containing cLNA copies of mouse a and 
eqlooin OOA was unaniJrously approved at P2 + EKl. 'Ihe partial 
nucleotide sequences correspond to the amino acid sequence, 
the restriction pattern is consistent, ard the plasnid DNA 
hybridizes to mouse globin INA. 

F. A similar request by Dr. Ralph Gioroo to propagate characterized 
plasmids containing mouse 0: and B globin INA under P2 + EKl corrlitions 
was also unaninously approved contil1CJent upon either the daronstration 
that E. coli strain N543 does not have conjugative plasmids or 
that a host which meets EKl criteria is used. 

G. Dr. John Baxter and colleagues requested permission to reduce 
contairment levels fran P3 + EK2 to P3 + EKl or P2 + EK2 for 
a series of clones containing all or part of the gene for rat 
growth horrrone. Nucleotide sequence arrl restriction analysis 
data ind icates corresp)ooence with the amino ac id sequence. 
'!he question of potential harm if the gene were to be expressed 
was raised by IX'. Helinski. Dr. (bttesnan indicated that the 
arrount of growth ho1:.lIOne prcrluced in E. coli \>.Quld oot affect 
hl.JTlan horrrK>l1al balance. other evidence indicates that rat 
horTI'One does oot cross-react with hunan am that growth oorIOOne 
is totally inactive when administered orally. 'U1e RAe unanimously 
voted approval for P3 + EKl or P2 + EK2 contairment levels. 

Later Dr. G:>ttesman maje a motion to p;:!rmit lo~ring of containment 
levels for characterized rat growth hormone clones to P2 + EKl. 
'!he motion passed 8 to 2. 

H. A secord request fran Dr. Baxter to propagate characterized clones 
of hunan growth homone aOO hunan scmatanannotropin (related to 
growth honoone) at P2 + EKl contairunent levels was approved on 
the grolll"XlS that the inserts were characterized. '!he nucleotide 
sequence for amino acids 24-190 has been determined. '!he RAC 
unanirrously voted approval of P3 + EKl or P2 + EK2 contairment 
levels for these clones. 

A second motion to 1~r the containment requirements to P2 + EKl 
for characterized clones of hunan growth hotnOne resulted in a 
vote of six for and six against. rr. stetten voted 00 and the 
notion was defeated. 

I. A request by Dr. lbward G::K:dnan to propagate characterized clones of 
rat insulin DNA unjer P2 + EKl corrlitions was approved by a vote of 
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12 to 1. 'Ihe RAe specified that the approval for reduction in 
containment was restricted to the clones specifically cited in 
the MUA. 

J. A request by rr. Ibbert Q)ldberger to propagate a plasmid 
containiBJ ctNA ma3e fran vitellogenin mRNA was approved at 
P3 + EKl (Or. Q:)ttesman abstaining) provided that the vector 
pBR322 was used. '!he mRNA haC! been characterized by hybridization, 
gel electrophoresis, and translation in a cell-free system. 

K. A request by Il:". Rd::Iert J. Crouch to lower contairment for a 
well-characterized clone containing· IOOuse ribos::mal INA to 
P2 + EKl was approved. '!he mA had been characterized by 
hybridization and restriction en~e analysis. 

VI. REMAAKS OF THE CHAIRMAN 

Dr. Stetten aC!dressed the Cbmmittee regarding his decision to resign 
as its chairman. His ranarks are reproduced in Attactrnent VII. 

VI I. VIRUS W::>RKIN3 GlUJP REPORl' 

The Virus Ieport was presented by rr. Harry Ginsberg. tr. Ginsberg 
described the events leadirg to the U.S. - ~ Workshop to Assess 
Risks for Recarbinant INA Experiments InvolVIng the Genares of Animal, 
plant, am Insect viruSeS. He TOted that discus"'S1On at the iOOetiJT,J 
of the NIH Director's Pdvisory Cl::mnittee in D:!catiber 1977 centered 
about the restrictions imposed by the revised Guidelines upon recan-
binant INA research \'ben viruses are used. As a result of the 
discussion, NIH s{X)nsored the virus lVOrksoop at Ascot, Erglan::1, in 
January 1978. 1he participants came fran a variety of disciplines 
aOO incll..rled molecular biologists, virologists, epidEmiologists an::l 
experts in infectious disease. ~st were not involved in recanbinant 
OOA research. ttbe charge to this group was to assess the p::>ssibility 
of hazard arising fran the cloning of viral INA and fran the use of 
viral r:NA as a vector. They were to consider the hazard to laboratory 
w:>rkers and to the p:>pulation at large. 

'!he \\Orksoop considered the entire range of eukar~tic viruses, 
incllrling insect and plant pathogenic viruses. N:> situation was 
envisioned in which a recanbinant virus or variant would becane a 
greater hazard than the virus itself. In a Olmber of instances, 
the group believed that the oost ran:Je \\Ould be altered but that 
there \\Ould be no increase· in pathogen ic p::>ten tial. '!he rer:ort 
represents the unaninous opinion of the participants at the a:>rksoop. 

Subsequent to the U.S. - E)ffi() Workshop, a Nlrking Group was convened 
to review the fWi1l3s am translate thEm into recanneooations for 
changes in the experimental section of the Glidelines. '!heir 
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analysis stems from the present knowledge of the structure of 
viral genames and their mode of replication. 
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A. '!he Working Group recannended that rrouth pipetting be prohibited 
at the pI physical containment level. 'll1is evoked considerable 
discussion by the RAC. It was the consensus of the RAC that 
many experiments classif:ied as PI need not inclooe FI ban on 
ROuth pipettin:.3, and that therefore pI in general should not 
be redefined. lbwever, the RAC by a vote of 10 to 2 approved 
the principle that pI with an added prohibition on nouth 
pipetting should be endorsed for designated experiments. 

B. '!he Working Group reccmnended for certain classes of experiments 
the use of E. coli K-12 with "non-robilizable plasmid vectors," 
Le. t a levelor-contairrnent falling between EKI and EK2. 
Dr. Melberg pointed out that the terminology was incorrect 
and rather than sr::eaking of "non-mobilizable vectors" one 
should speak of "vectors certified for use in EK2 systems." 
With this change the RAC unanwusly endorsed this new level 
of biological containment to be used in specific instances. 

C. It was pointed out that acceptance of the Workirg Group 
recanmendations would remove fran the current prohibited 
experUnents both the use of vesicular stomatitis virus 
(a Class 3 CDC virus), and all of the oncogenic viruses 
classified by NC:! as mcxlerate risk agents. were was 
no objection to this by the RAC. It was fX)inted out that 
the NCI list is outdated and was conservative. 

D. '!he RAC then discussed Table 1 and Table 2 of the Working 
Group Report and the accompanying text describing the table. 
'Ibis text would be inserted into the Guidelines. 'Ibe inclusion 
of the tables in the Guidelines was also recommended but not 
marxiatory. '!he RAe made sane changes in the texts and tables, 
and then unanimJusly adopted than. (Attachments vrII-A and 
VIII-B) • 

The effect of this is as follows: 

Section III -B-l-a-- ( l)- (g), "Cloning of Viral Genomes from 
Eukaryotic cell INA" of the prop)sed revised Guidelines, 
is eliminated. section III-B-l-b-(l}, "Viruses of Eukaryotes" 
is eliminated; substituted for it is the text attached 
to the Minutes as Attachment VIII-A. In section III-B-3, 
"EXperiments with Eukaryotic Host-Vectors," subparts 
a-"Vertebrate HOst-Vector Systems," and b-"Invertebrate 
Host-vector Systems," are eliminated; substituted is 
text attached to the Minutes as Attachment VIII-B, which 
consists of three subparts: a-''Vertebrate Host-Vector 
Systems'; b-"Invertebrate Host-vector Systems in Which 
Insect Viruses PXe Used to Propagate Other rnA segmentsll

; 

and c-"plant Viral oost-vector Systems." 
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VII I. PRCmXOLS FOR REQUIRED CCNl'AINMENT 

Below are described the actions taken by the Me on prop:>sed protocols 
for required contairrnent levels am for canpliance with the 1976 Guide-
lines. 

A. Cloning of Bovine satellite DNA 

Dr. Susan Gerbi of Brown Uliversity requested NIH review of a 
prop:>sal to clone 99% pure boIJine satellite rNA under P2-EK2 
corrlitioos. '!he Guidelines petmit a one-step decrease in 
physical or biological containment in relation to the conditions 
required for the corresfOrXiin:J sb::>tgun experiment when the DNA 
to be inserted has been enriched to 99% p.lI"ity by physical and 
chanical techniques, am is free of hatmful genes. Shotgun 
com i tions for cloning bov ine INA are P3-EK2. 'Iherefore, 
"purified" bovine I:NA can be cloned urrler P2-EK2 coooitions 
if the rNA is 99% pure and free of hannful genes. 

'!he RAe agreed that the evidence for 99% purity is acceptable. 
'!here was sane discussion about whether the rNA preparation 
could be said to be free of hannful genes in view of the fact 
that the functions of satellite tNA are unknown. Ibwever, it 
was pJinted out that, in all cases investigated, satellite J:NA 
is not translated. tfuerefore, it is reasonable to take the 
position that such rnA is free of harmful genes. '!he RAC then 
voted unanimously to approve the requested contairunent levels of 
P2-EK2. 

B. Cloning in pseudaronas J2Utida 

The RAe rev iewed requests fran Dr. James Slapiro of the Uni versi ty 
of Chicago, and tr. J. G. Vacca, on behalf of Dr. Chakrabarty, of 
the General Electric OOmpany to use Pseudomonas putida as a host 
for recombinant DNA experUnents. 

In one set of exp:!riments, r:r. Shapiro wishes to clone P. putida 
tNA using E. coli as a host. In a secorXi set of experiments, 
Dr. Shapiro requests permission to use P. I?:utida as a host for 
cloning. '!here are two subsets to the Tatter exper iments. In one, 
Dr. Shapiro wishes to cooouct self-cloning experiments. '!he 
P. putida WA carr ied by plasmids Rll62 or RP4 1 am prev iously 
cloned in E. coli \'.Quld be returned to p. :eutida for propagation. 
In the secoD::fS'UEset of experiments involv~ng E. putida as a host, 
Dr. Shapiro intends to develop cloning vectors with a wide host 
range that could be propagated in either E. coli or P. putida. 
'!he hybrid vectors w:>uld be fran COl FJ. and Rl162 or RP4 L 
'!he vectors oould be grown in E. coli urrler PI coooitions since 
both parental vectors grow in §. coIf. 
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Dr. Chakrabarty is interested in coooucting tw::> types of experiments. 
In the first, he wants to clone P. putida genes in P. putida using 
P. putida plasnids as vectors. '!here WJuld be tWJ kirns of vectors, 
PR4 I, a nonconjugative plasmid, and RPl, a conjugative plasmid. 
In the secooo experiment, Dr. Chakrabarty wants to substitute 
E. coli or pMB9 CNA for P. putida DNA as a donor. rr. Chakrabarty 
suggests pI containment when the nonconjugative plasnid is used 
and P2 when the conjugative plasmid is employed. 

'!he RAC agreed that, accordin; to the 1976 Guidelines, sootgun 
cloning of P. put ida DNA into E. coli K-12 can be coooucted under 
PI-EKl conditions or even with-Conaugative plasmids under pI 
cond i tions • 

'!he RAe felt that using P. putida as a oost for E. ooli r:NA is 
not pemitted urxler the 1976 Guidelines because of ~require
ments that the oost must be canparable to EKl in biolog ical 
containnent, i.e. I free fran conj L¥Jative plasnids. IDwever, the 
RAC voted 9 to 1 to recarmend that an exemption be granted to 
allow all of the requested expernoents because ~ put ida and 
E. coli exchange INA, and such pairs of organisms have been 
recCluuended for total exeuption under the prop:::>sed rev ised 
G.lidelines. 

'!he PAC was then specifically asked to jooge which of the pro:fOsed 
experiments oould be approved under the 1976 Guidelines. 'l11e C0m-
mittee noted that to be canparable to EK1 the P. putida strains 
\OoOuld have to be enfeebled am free of conjL¥JaTIve plasnids. 

'!he RAe then unanimously passed a motion to the effect that the 
investigators should be informed that, under the 1976 Guidelines, 
approval can be given under PI oomitions for those eXJ;:E!riments 
in which no conjugative plasmids are present in the !:!. putida 
host when recanbinant I:NA is present, and after data have been 
sul:mitted on (the poorer) sutvival in soil of the P. putida host 
strain canpared to wild type. If these tw:> corrlitlons canoot be 
met, the RAC reconmerrls that an exemption to the 1976 Guidelines 
be granted on the grounds that p. putioa and ~ coli exchange 
DNA, and that these experiments have Eleen recarmeooed for total 
exemption under the revised Guidelines. 

C. In vitro Manipulation of Recanbinant DNA Molecules 

'!he RAe revie\-oed a statement on the in vitro handling of 
recanbinant OOA prepared by the Harvard university Ccrrmittee on 
the IegulaUon of Hazardous Biological Agents. 'nle statement 
establishes different requirements for the in vitvo handling 
of recanbinant INA defending on whether the ~n vivo requirements 
are pl-ED, or whether the in vivo corrlitionsrequire P2 or P3 
containment v.hen in an EKl or EK2 host. 
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'!he RAe did n::>t vote on the specific proposals of the Harvard 
Contnittee altOOu;h sane members tWught the pt'Op:lsed require-
ments to be ove~ly strin:ient..Patber, the RAe unanboously 
passed a 11'Otion that the handling of naked INA normally 
requires PI conditions. Furthenoore, cleavage of the recan-
binant INA with restriction endonucleases, as in the prop::lsed 
a&:l.eoo.um, unequivocally ranoves such experiments fran any 
restraints of the Guidelines. 

D. Cloning of Chanically Synthesized Genes 

'!he RAe reviewed proJ:X)sals by 1):'. Pay Wu of Cbrnell Uliversity 
for the settiD;J of a::mtaiment levels for the clonirY:J of chetrr-
ically synthesized genes for hunan insulin chains. I:r. Wu 
wrote prop:>sing to clone a chemically synthesized insulin A gene 
under Pl-EKl coroitions, and a synthetic insulin B gene under 
P l-EK2 or P2 -EKl com i tions. . 
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'lhe PAC concllrled that the containment levels for these experiments 
should be analogous to those required far a characterized clone 
derived fran a shotglll experiment. In the case of a hlJnan rNA 
sequence, P2-EKl ooooitions can be approv'ed when the cloned 
recanbinant has been rigorously characterized aM is free of 
hatmful genes. '!he RAe voted 9 to 1 to approve the request to 
clone synthetic genes for human insulin A and B chains under 
P2-EKl or Pl-EK2 ooooitions. '!he negative vote was cast because 
of concern about p::Issible hormonal or antigenic activities of 
the insulin A aID B chains. 

E. Cloning Eukaryotic mA in Yeast 

'lhe RAe reviewed requests fran rr. lbnald Davis of Stanford 
University and or. Richard Firtel of the University of California, 
San Diego, to clone eukaryotic {lIlA in Saccharanyces cerevisiae. 

Dr. Iav is requests approval to clone in yeast I?J:OsgPhila melan-
ogaster OOA sequences linked to an E. coli ooll-conJl.J1ative 
plasmid or rNA linked to a selectable ~ast gene. tthe reccm-
binant first will be constructed in E. coli am then transferred 
to yeast. Il:. r:avis requests awroval for use of P2 ooooitions 
for these experiments. 

Dr. Firtel requests approval for the cloning in :yeast of 
Dictyostelium discoidiun OOA sequences linked to regions 
of the yeast genane containing selectable markers linked 
to norrconju;ative E. ooli plasnids. 'Ihe triple recatDinants 
first will be formed .i.ilE. coli arK} then used to transform 
:yeast strains deficient Tn tneselectable markers. Approval 
of P2 coooitions is requested. 

Members of the PAC felt that there was little doubt about the 
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safety of the newly prop:>sed experiments. HOwever, concern was 
expressed that the yeast hosts, in general, canrot be considered 
to be contained as they are capable of surviving in nature. '!he 
opinion was expressed that the proposed expernnents appear to be 
exceptions to the 1976 Guidelines, arrl that perhaps the experi-
ments should 1Je deterred until yeast strains with reduo.'~ survi':al 
in nature are identified. A proposal was made that perhaps the 
concept of an experiment "being safe ll should be an alternative 
to the requirement for biolQ:3ical containnent in the host. 

'The RAC then voted unanimously to approve the requests of Drs. 
Davis aM Firtel subject to the subnission of appropriate MUAs. 
It is the sense of the RAC that ORm. should use these decisions 
as precedents for approving the insertion of DNA sequences fram 
other lower eukar~tes into ~ cerevisiae. 

F. Transfer of rnA to Phycanyces 

ORm asked the RAC to review an MUA submitted by Dr. Max ~lbruck 
of the california Institute of TechnolQ:3y. '!he MUA proposes 
three series of experiments under PI corxHtions: 

1. Transfer of yeast 2 J.l DNA circles to Fhycamyces. 

2. Transfer into Phycanyces of yeast 2 II DNA circles with insertion 
of an ~ coli gene ccrliN3 for a sui table enzyme marker. 

3. Transfer into Phycanyces of yeast 2 ]..I CNA circles with insertions 
of Phycomyces genes. 

'Ihe RAC discussed these ex~riments at the same time as the 
experiments described in itan E (above) were considered, am 
many of the canments maje by the RAC apply also to these 
experiments. '!he RAC unaninously voted to approve the experi-
ments in Phycanyces based on the precedent of approval of 
self-cloning experiments in yeast. 

G. Propagation of Recanbinant Plasrnids in Plant Pathogens 

Dr. Nicholas Panopoulos of the University of California, Berkeley, 
asked the RAC to review an MDA dealing with an investigation of 
the ability of various recombinant plasmids to replicate in plant 
pathogenic bacteria. '!he inunediate objective of the research is 
to test various plasmid vectors for the ability to replicate in 
certain species of phytopathogenic bacteria, the ability to be 
mobilized fran E. c:oli hosts into these species, aM the ability 
to transform these species. 'D1e bacterial hosts to be used 
include Pseudaronas species, Erwinia species, and Xantharonas 
sp=cies. '!he long-term objective is to develop host-vector 
systems for certain species of plant pathogenic bacteria. '!he 
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plasnids to be used in the initial stulies were constructed 
by in vitro techniques and, therefore, constitute recanbinant 
plasnids. 

~rnbers of the RAe felt that the prop:>sed w:>rk will mt generate 
any hazard, am that nost, if rot all, of these experiments will 
be excl wed fran the rev ised Q,Jidel ines under exemption (iv) for 
genetic exchar¥jers. '!he RAe then tmaninously passed a notion to 
ask the Director, NDi, for an exception to the current G.lidelines 
in order to carry out the exper iments described (except those pre-
viously approved) because cthe introduction into plant pathogens of 
E. coli plasmids restructured by recanbinant mA techniques is 
unlikely to p:>se any additional hazard. As noted above, the NIH 
has already approved the introduction of EK2 vectors, constructed 
by recanbinant INA techniques, into plant pat:.toJens. 

H. Cloning B. subtHis am E. coli OOA in B. subtilis 

'lhe RAC revie\\ed an Mll1\ subnitted by IJ:'. Frank Young of the 
university of Ib:hester dealilq with an ex};erirnent in which a 
chimeric plasmid canp:>sed of B. subtHis chranos:mal or };tlage rNA 
linked to ~ coli plasnid pMB9is to be cloned in B. subtilis. 

'!he NIH has already approved at the PI level eXferiments in Ykiich 
s. aureus or B. subtilis plasnids are used to clone B. subtilis 
chranosanal or };tlage INA in B. sOOtilis. -

'!he RAC voted unaninously to ~ at the P2 level the following 
ex~riments provided that norrreverting asporogenic host strains 
with low survival are utilize::1, aoo that data on these strains 
are subnitted to the NDi: 

1. '!he cloning in B. subtilis hosts of B. subtilis DNA on E. coli 
plasmids or phages; - ---

2. '!he cloning in B. sOOtilis hosts of E. coli I:NA on E. coli 
plasmids or phages. - -- - --

I. Reoambinant DNA Research with Bacillus popilliae and Bacillus 
thuringiensis 

Dr. RJbert Faust of the Beltsville PJ:;Jricultural Research Center I 
US~, requested NIH review of a research prop:>sal involvin:J 
recombinant DNA research with Bacillus popilliae and Bacillus 
thuringiensis • 

Dr. Faust prap:>ses to construct hybrid plasmids fran B. thuringiensis 
chrarosanal DNA am its irXfigeoous plasnid, and propagate them in 
B. JiOPilliae. Transformed strains will be identified by antibiotic 
reSistance or added fermentation ability. 
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Dr. Faust discusses in same detail the relationship of this host-
vector system to E. coli and other prokaryotic systems described 
in the Guidelines-.- He states that the narrow host raTlCJe and lack 
of ev idence for pathogenicity in mammals (i.e., Class I agent) 
should prov ide biolcg ical rontairment equal to EKl hosts. 
Dr. Faust cites other authors who maintain that B. ~pilliae and 
~ thuringiensis exchange genetic information. He is unable to 
say whether the ~ thuringiensis plasmids are non-oonjLgative. 

'!he RAC noted that these organisns are safe r.;esticides registeroo 
by the EPA. fb~ver, it was felt that these organisms will have 
difficulty in meeting HVl criteria under the pvoposed revised 
Guidelines. In oodition, these experiments may not be exempt 
under the revised Guidelines because this pair of organisns may 
not appear on the 1 ist of genetic exchangers. 'U1e RAe then voted 
10 to 1 to reccrrmeoo that an exception be granted for the proposed 
recanbinant rNA ext;:eriments based on their safety rather than on 
contairroent. 

J. CloniTlCJ in Rhodopseudaronas capsulata 

Dr. Alan Lambowitz of Saint Louis University requested review of 
recanbinant rNA exft2'riments involving Rhodopseooaronas capsulata. 

'U1e experiments are divided into t....o stages. In the first stage, 
fragments of RhcdopseLrlaronas capsulata DNA tNOuld be cloned in 
Rhodopseooanonas capsulata strain MB6IS using ~ coli plasnids 
as vectors under P2 oorrlitions. A clone will be selected that 
carries a fragment of the R. capsulata genane that can canplanent 
the lesion that renders Ma6l5 oo~r:hotosynthetic. 

In the secorrl staye, the plasnid thus selected will be isolated 
fran R. ca~ulata and cloned in an EKl host. 'U1is plasnid will 
then be amp i£ied arrl harvested to prcrluce a probe for use in 
in vitro RNA-DNA hybridization experiments. 

'!he information which was subnitted contained no data on survival 
outside the laboratory. FAC members felt that the situation parallels 
the Pseudanonas putida case described in item B. '!he RAC unaninously 
passed a motion to the effect that the investigators should be informed 
that, under the 1976 Guidelines, approval can be given under PI 
coooitions for those eXF€riments in which no conjLgative plasmids 
are present in the R. capsulata host when recanbinant I::NA is present, 
and after data have-been subnitted on (the poorer) survival in soil 
of the R. capsulata host strain canpared to wild type. If these 
two conditions cannot be met, the RAC recamnends that an exemption 
to the 1976 Guidelines be granted on the gtourxls that R. capsulata 
and E. ooli exchange INA, and that similar experiments have been 
recommended for total exemption under the revised Guidelines. 
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K. Cloning a Region of SV40 into E. coli K-12 

Dr. FObert Tj ian of the (DId Spring Harbor Laboratory subnitted a 
request to clone rnA sequences which lie within a segment of SV40 
rNA which does not enc<X1e any knI::ltm gene products but is likely 
to contain part or all of the origin of SV40 relication. It is . 
prop:>sed to insert these fragments into an EK2 host-vector system 
un::ler P3 cottlitions. 

The RAe felt that the 1976 GUidelines appear to require P4-EK2 
or p3-EK3 conditions, because the segnents to be inserted, 
althoLgh purified, were not cloned and, therefore, do not meet 
the requirement that the segment must be cloned prior to lowering 
the required containment to P3-EK2 a:n::Utions. 8:>\Ever, menbers 
of the RAC felt that the degree of purification of the segments 
to be inserted is likely to be equivalent to that achievable by 
cloning. '1he RAe voted unan:i.nously that an exception should be 
granted to cooouct these experiments under P3-EK2 ooooitions if 
certain addi tiona! infonnatian on the degree of purification is 
available. 

L. Cloning in SalJronella typhimurium 

'Ihe RAe reviewed a request fran a group of eleven scientists to 
permit recanbinant rNA experiments involving the introduction of 
~ typhimuriun and/or ~ coli J:'NA into ~ typhimuriun. 

'!he RAe approved the Salm::>nella experiments on the basis that it is 
their interpretation of the GUidelines that S. typhimuriun strain 
LT2 can be considered as a host equivalent ~E. coli K-12 for the 
purp::>ses of cloning S. typhiumurilln or E. c:oli-mA-:-1he RAe 
then unanimously passed a notion that ex~nments ~ich involve 
the transfer of §..:. typhimuriun rNA. cloned in ~ coli back into 
§.:.. typhimurilJll LT2 should be awroved ll'lder P2 c:i5iiITtions. 

IX. VDRKSfiOP ON RISK ASSESSMENT OF AGRICUL'IURAL PA'IH(X;ENS 

Dr. DSly presented the rep:lrt of the W::>rkshop on Risk Assessment of 
Ilgricultural Pathogens held on March 20-21, 1978. A nt.lar of the 
recanmenc1ations of the w:>rkshop i¥!p:trt had already been adopted 
by the RAe earlier in the meetirg. lIiiditional chaD3"es in the 
Q,lidelines reccmnerrled in the ?llrkshop :Rep:>rt and approved unan-
iIrously by the RAe were the followil¥]: 

A. A motion to inclooe in the GJidelines, as part of JlH:endix B, 
the "3:lzaro Classification of Plant pathogens," as taken fran 
the WJrkshop aap:>rt, was awroved with a minor a::1dition pro-
:posed by cr. D:iy. 'lhe material to be added to Apperrlix B of 
the prop:>sed revised G.lidelines is attached to the Minutes as 
Attacllnent IX. 
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B. Section III-B-l-a-( 1)-( e} on "other Cold-Bloo:1ed Animals and 
Lower EukarlOtes." Under item 2, the first sentence in the 
proJX)sed revised Guidelines is: "2. '!he rauaiooer of the 
sp:cies in this class: P2 + EKl or PI + EK2." O1ange this to: 
"2. '!he r€mainder of the species in this class, inclooin] 
plant patb:>genic or symbiotic fungi that do rot proouce fOtpnt 
toxins: P2 + EKl or pI + EK2." 

C. Section III-B-I-a-(l)-(f) on "plants." 'lhe first t....o sentences 
in the proJ;Osed revised Guidelines are: .. (f) plants. P2 physical 
containment + an EKl host-vector or pI + EK2. If the plant 
source carries a krown pathc:qenic micro-organism or makes a 
potent PJlypeptide toxin (footnote), the containment must be 
raised to P3 physical contairnnent + an EK2 host-vector.1I 

'lhe change is to delete from the secord sentence the v.Qrds 
"carries a kro'WI1 pathcgenic micro-organism or. \I 

D. Section III-B-3-c on 1IPlant host-vector systems" in the prop::1sed 
revised GUidelines will now become Section III-B-3-d to be 
called "plant host-vector systems other than plant viruses." 

IX. amER CHANGES IN THE PROPOSED REVISED GUIDELINES 

At the conclusion of the meeting, the RAe discussed other changes in 
the prop:>sed rev ised Guidel ines • In its del ibera tions, the RAC took 
into consideration the previously voted upon alterations in the Virus 
Section. 

A. Shotgun of Primate DNA into E. coli K-12 

One of the reasons given originally for the high containment level 
for shotgun experiments involving primate INA into E. coli K-l2 
was the ];Ossible inadvertent clonil1CJ of viral DNA. -In view of 
the adoption of the recanmendations of the Virus Vbrking Group 
to lower contairunent for deliberate clonil1CJ of viral rnA, the 
RAe reconsidered primate shotgun levels, and voted unanimously 
to rewrite Section III-s-l-a-( l)-(a), as follows (althol.l9h the 
exact wording was not voted up:>n): 

n(a) Primates. P2 physical contairment + an EK2 OOSt-vector • 
However any lO\'oering of containment below these levels (i.e., 
for purified Lt\'A or characterized clones) cannot be made solely 
by an institutional biosafety canmi ttee but requires NIH approval." 
[N)te: It was not discussed at the RAC meeting, but additional 
text and cross references will now be put into Section III-B-I-c 
"Lowering: of contairnnent levels of characterized or purified 
DNA preparations and clonesU-to remind the reader that primate 
shotguns are to be treated differently.] 
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B. "Self-Clonil)9 in Prokaryotic Hosts that Exchange Genetic Information 
with E. COIl 

Wording to be inserted into the prop:>sed revised Guidelines to 
allow fI self-cloning" experiments in prokaryotic hosts that 
exchange genetic' infonnation with E. cali, using E. coli K-12 
as an "intennediate host," at PI tflys1CaI contairment was re~ 
to the P.AC by r.r. G:lttesman and approve::i unanimously. After 
the RAC meeting, the text was re\«)rded for clarity. '!he text, 
to be inserted under section III-B-2, "Experiments with other 
prokaryotic host-vectors," \tlOuld read: 

"It is expected that prokar)Utes that exchange genetic 
infonnation with E. coli will be exenpted fran these 
G.lidelines by a:r;pearing on the "list of exchangers" 
(see exenption iv). For a prokaryote which exchar¥Jes 
genetic infonnation with E. coli but which is not on 
the list (lbst A), the fonoWIiij experiments may be 
carried out under Pl conditions without Host A having 
been approved as an HVI host: 

r:NA fran 8:>st A may be cloned intD a vector 
am propcgated in E. coli K-12 urrler pl 
corrlitions. SUbsequently, this recanbinant 
DNA may be returned to Host A by md::>ilization 
or transformation, and then may be propagated 
in Ibst A urXler PI coroitions." 

X. Di\TES OF FUroRE MEETINGS 

'!'he Q)nrnittee selected August 2-3, 1978, and CX:tober 30-31, 1978, as 
dates of future meetings. 

XI. AIlJOORNMENT 

The meeting was adjourned at 4:00 p.m., April 28, 1978. 

Respectfully submitted, 

C;dl~~~~~~ 
Executive secretary 
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I hereby certify that, to the best of 
my knowledge, the foregoing Minutes and 
attachments are accurate and complete. 

rew~tt Stetten, Jr., M.D., 
Olairman, Recanbinant INA M::> 

Pr03rarn Advisory CCmnittee 
National Institutes of Health 
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SELECTED ISSUES FOR CO~tITTEE REVIE\.J 

I. Introduction: Definition and Exemptions 

The definition and ex~tnption for "non-novel" exchangers evoked 

much public comment in whi<.;.n a number of recolll!I1endalions were made. 

For example. it was urged that the definiti~lIt be expanded to include 

seg;nents 0 f chemica 11y synthes ized DNA. Huch of the com:nent 

concerning the exclusion for non-novel exchangers pertaint'!d 

to the proposed standards and procedures for developing a list. 

The public views concerning the definition and exemption included: 

• that safety rather than novelty should be the criterion for 

exclusion; 

• that the criteria for decermining novelty were not explicit; 

• that the list of non-novel exchangers should not be limited to 

the exchange of chrotllcsoroal DNA but should also include plasmid 

exchange (others. hor,.;evE'r. urged that the list not be broadly 

drawn at the species level hut should deal with exchange at 

the subspecies level); 

• that experiments classified as PI + EKl should be exempted 

from the Guidelines; 

o that the proposed revised definition would appear not to permit 

"self-clolling" experiments. 

Recommendations on thE> process for devE>loping a list includE>d: 

• that the burden of proof be on the Director to compile a list of 
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novpl exchangers that are subject to the Guidelines; 

• that the procedures and criteria used in the dev~lopment 

of the list be explained thoroughly and that adequate oppor-

tunity be eiven for public review and comment; 

• that all daLa pertaining to the inclusion of each entry on the 

list be available for public review. 

ISSUES FOR THE COMMITTEE'S CONSIDERATION 

The extensive public comment. on this section included recoa~enda

tions that there be a general applicability, exemption, and definition 

section. Accordingly, I am suggesting that such a section be included 

in Part I, the Introduction. Further, I propose that the section on 

prohibited experiments be transferred from Part III to Part t. Thus, 

Part I would establish the jurisdiction of the Guidelin~s. their 

applicability, and the experiments that are prohibited and exempt. 

The following suggestions also arise from my review: 

A. • In your Committee's proposed revision, the purpose of the Guide-

lines is to "establish procedures for handling organisms and 

viruses containing recombinant DNA molecules." In the current 

Guidelines the purpose speaks to nresearch with recombinant 

DNA molecules." It was noted in our r~view that your recommenda-

tion might inadvertently have the effect of removing from the 

list of prohibited experiments those in which recombinant DNA 

molecul~s were created from the DNA of certain pathogens even 

though this DNA was "ot contained within an organism. Because 
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there was strong public support for r~taining th~ prohibition. 

would you obj~ct if the section werp to sp~cify procedures for 

constructing and handling (a) recombinant DNA molecules and (b) 

organisms and viruses containing recombinant DNA molecules? 

Thus, in the exemption section. most recombinant DNA molecules 

outside of organisms and viruses that are not covered under 
• 

the prohibited experiments would be exempt frol11 the Guidelines. 

B. • In light of the co~~ents on the definition, I am considering . . 
one that would not include the phrases "the capacity to infectU 

and "natural physiologic processes." A substitute definition 

would speak to "molecules that have been constructed outside 

living cells by joining natural or synthetic DNA segments 

to DNA molecules that can replicate or be integrated into 

the genome of a living cell." I would appreciate your views 

on this suggestion, including the addition of "synthetic 

DNA segments" to the definition. 

c. • In light of the comments on the criteria and procedures for 

a listing of non-novel exchangers, new language has been 

drafted for experiments to be exempted from the Guidelines. 

A copy of a letter with the NIH draft on exemptions that I sent 
, 

to-Dr. Spizizen and his Working Group lS enclosed for your 

review. Pl@8se note that no prohibited pxp~riments may be 

exempt. To emphasize the importance of this concept, prohibited 

experiments would be transposed from Section III to Section I 

end would appear before the exprnpted experiments. I would 
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appreciate your comments on tllis draft and the transposition 

of prohibited experiments to this section. In light of these 

modifications, your Comrnitt€'e's reVISIons speaking to "novelty" 

1n the prohibition~ wo~ld be deleted. 

D .• It was suggested by EMBO that the list of pathogenic organisms 

under the P~ohJbitions, especially thos~ in Class 5, may not be 

appropriate for all European countries and that such classifi-

caiion should be the responsibility of national or regional 

authorities. HouId the COr.l!llittee object to a footnot€' here 

stating that the prohibition on etiologic agents relates to 

research in the United States? 

E •• In r~sponse to co~~entators' suggestions. a statement of general 

applicability, as noted above, would be included in this section. 

On the basis of extensive public comment (discussed more fully 

in the following section on Roles and Responsibilities), it is 

suggested that all institutions receiving any NIH funding for 

recombinant DNA research shall comply with the NIH Guidelines. 

I would appreciate the Co~~ittee's views on this recommendation. 

II. Containment 

Physical Containment 

There were a large number of public com~ents urging greater 

detail in the saiety practices and procedures. Several commentators 

advised that Appendix D be retained and expanded rather than delet~d. 

I fully .:lcr(>(' with these suggestions. Accordingly, Dr. W. EnuRE'tt 

Barkley has convened a committee> th.lt is current 1y n'structuring 
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Appc>ndix 0 as a safety manual for local institutions where recombinant 

DNA research is taking place. Additionally, in view of the large 

number of recommendations for traini~g courses in safety, the NIH 

has awarded a r.ontract to thl!! American Society for Microbiology 

to review and possibly develop standards for training in microbio-

logical techniques for recombinant DNA resear~h. 

ISSUES FOR THE CO~mITTEE'S CONSIDERATION 

F. Several co~~entators pointed out that the proposed revised 

Guidelines do not require an autoclave in the P3 laboratory itself, 

but only within the building. The current Guidelines provide for an 

autoclave "within the building, and preferably within the controlled 

laboratory area." In light of the concerns expressed, would the 

Co~~ittee object to retaining the language in the current Guidelines? 

Biological Containment 

There were a number of co~~ents on the development of alternate 

host-vector vystems, the certification process, and distribution 

of certified host-vectors. Specific suggestions were also received 

regarding each of the HV systems. On the basis of those comments, 

1 recomrnend that the Comm.ittee consider the follm"ing; 

ISSUES FOR THE CONMITTEE'S CONSIDERATION 

G. • Concerning the HVI system, objections were made tu a requirement 

that the host should have "a low potentia) for survival in its 

natural environment." Many of the host ~ells that investiga~ors 

may wish to use hav~ no natural environment other than the 
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the laboratory. HodJ the Co:nmittC"l' object to the cr.lu'r_ia 

bping moJiiipd and the language J.mended to rcad as follows: 

"low potC'ntial for survival outside the laboratory!!? 

H.. It was urged that the requirement for independent confirmation 

of relevant phenotypic and genotypic traits for certification 

at the HV3 level should also be applied at the HV2 level. In 

light of this suggestion. th~ question arises why the confirma-

tion is required at the HV3 level. Is this done to ensure 

the credibility of the investigator's results ur to determine 

the range of safety? It has been pointed out that the working 

groups reporting to your Committee Hho review the data are, 

~n effect, conducting an independent check for the HV2 level. 

If so, this check would seem to be sufficient, and indeed, 

a requirement for an independent check at either the second 

or third levels would be unnecessary. I would appreciate 

your v~ews on this subject. 

I.. There have been a number of suggestions that NUl provide 

a means to accept requests fro~ the private sector to (a) 

interpret the Guidelines, (b) certify new host-vector syst~ms, 

and (c) provide for exemptions from the Guidelines. Your 

comments on the NIH providing such services would be much 

appreciated. I wouln be especially interested in your views 

on the Committee functions for certification oE new host-vector 

systl?m~ where ,propriE:'tary or potent. information might be 

involved. Wo~ld the Committee bp willing to accept such a 
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rpsponsibility? It might be noted in the Guidelines that b~fore 

review by th~ R~combinant Advisory committee~ developers of new 

host-v~ctor·sy8tems should consider filing for patent protection 

so that the RAe would be free to disclose information. 

III. Experimental Guidelines 

Prohibited Experiments 

For reasons cited previously, the section on Prohibited Exp~ri-

ments has been transposed to Part I. Please see the discusaion above. 

E. Coli K-l2 Host-Vector Systems 

A number of commentators asked that the rationale for the classifi-, . 
cation of permissible experiments be clearly' explained. Some pointed 

out that the classification appeared arbitrary, depending on judgment 

rather than demonstrable fact. It was further suggested that revisions 

have not brought us closer to establishing absolute hazard levels. 

There were also a number of sgecific comments here and in later 

sections on the containment requirements ~et for DNA viruses and DNA 

transcripts of retroviruses. On the basis of extensive scientific 

comment before and during the public hearing, a special U.S./EMBO 

Workshop and subsequent u.s. Working Group were convened to review 

this research area. On the basis of that meeting. reco~endations 

have been made for provisions that are before you for action. 

A number of recommendations were also received from the agricul-

tural community urging further review and revision of the Guidelines 

for work with plant ~athogens. As a result, anoth~r workshop was 
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conv~npd, and r~comm~ndation5 from thnt group are 3]SO be[or~ you. 

In adrlition to th(>se gen(>ral recollljuendations, othl'r specific issues 

follow for your review: 

~', • Section {g}, '\:loning of viral genoo!?'s from ('ukaryol:c Ct~ll 

DNAlI (F.R. 49601), does not give guidance on contilinment 

categories for "shotgun" experiments.attempting to clone nucleo-

tide sequences of integrated DNA V1ruses. At present this section 

only refers to endogenous retrovirus genomes. It is not clear 

from the Guidelines what the Committee suggests as containment 

levels for shotgun experiments attempting to clone integrated 

polyoma or SV40 sequences. I would appreciate your com~ents. 

K. • It was urged by several co~~entators that the CDC classification 

for Class 2 organisms be revispd so that it does not include 

harmless types of bacteria. What are the Co~~ittee's views on 

providing in the Guidelines that the Director of NIH, on 

recommendation of your Committee, may designate c~rtain of the 

agents in CDC's Class 2 as Class 1 agents for purposes of the 

Guidelines? 

L. • A commentator urged that the cloning into ~ coli K-12 of 

"shotguns" of all nonpathogenic bacteria. be placed at the 

P2 + EKI or PI + EK2 level without ext~nsive characterization 

(Federal ~egister. page 49602, first column). ~lat are the 

Committee's views on this recommendation which ~ould eliminate 

the need for characterizatiun and approval by the RAG? 

M. • It was noted that experiments involving many prokaryotes that 
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p.xch:mr.e genetic inform~tion with ~ coli are class ifi\"\d under 

the pr~sent Guidelines at the PI + EKI level. Und$r the pr~-
, ' 

pos,ed revisions this category w()uld be eliminated because 

presumably they would ,0 on th~ exe.pted list. If there is a 

delay in creating exemption., however, the inv •• ~isator would 

be forced to use the hilher containment level iJ' the proposed 

revi:sions (under the cat.cory of prokaryotes tl".'lt do not 

exchange genetic information with ~ coli). What are the 

Co~ittee'. viewl on placin, in this section 4 statement to the 

effect that any .xperim.nt. with prokaryotic DNA recombiuants 

that do exehan,. ,enetic inlormation with E, ooli may be --,--
conducted under the coneainm.nt levels of the 1976 Guidelines 

unlell and until thel:.pp.ar on the exempted lilt? 

N. e Since synth.tic DNA willaow be explicitly included in the 

Guidelines. l.nsuage au.t be added concernin, the proper 

conta,iDlIlent lev.h. What are the view. of the Committee on the 

following propo •• d I-nau_.et 

"Synthetic DNA. 

"If the 'fnthetic DNA ,figment can or might yield a potenti-

aUy harllful polynucleotide or polypetide (e .-g' •• a toxin or a 

pharmacoloaical1,. dieyuptive agent), the C'Ontainment cO'nditions 

should be the ... e aa would be used for propagating the natural 

DNA counterpart. 

"If tJte .ynthetic DNA sI'qul"nce codes for a harmles's prod-
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uct. it may be propagated at the same containment level as its 

puri [ied natural DNA. counterpart.· For pxamplc) a synthetic DNA 

segment, to be propagated in E. coli K-l2, which corresponds to 

a nonharruful gene of birds, would require P2 physical containment 

plus and an EKI host-vector, or PI + EK2. 

"If the synthetic DNA sE':gment is not expressed as a poly-

nucleotide or polypeptide product, or the products have no natural 

counterparts, the organisms containing the recombinant DNA mole-

cules are exempt from the Guidelines." 

O. • The 1976 Guidelines and your proposed revised Guidelines in the 

section on "Fungal or Similar Lower Eukaryotic Host-Vector" 

SY8tems ll give little detail, "since the de;velopment of these 

host-vecto,rs is presently in the speculative stage." The recent 

development of a Saccharomyces cerevisiae system makes this 

obsolete ~nd suggests that this section be expanded. What is 

the Committee's view on the following proposed language? 

"Fungal or Similar Lower Eukaryotic Host-Vector Systems 

'!The containment criteria for DNA recombinant experiments 

using these host-vectors most closely res·emble those for pro-

karyotes. rather than those for th~ prece~ing eukaryotes, since 

the host cells usu~lly exhibit a capacity for dissemination 

outside the laboratory that is similar to that for bacteria. 

Therefore t the procedures establ ished. for cert ification of MV 

Gyst~ms other than E. coli K-12 (Section 11-0-2) will also 
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apply to these fungal or similar lower eukaryotie host-vector 

systems. 

"Once approved by NIH, HVI systems may be used under P2 

containment for shotgun experiments with phages, plasmids, and 

DNA from nonpathogenic prokaryotes and lower eukaryotes tha~ 

do not produce polypeptide toxins (i.e., organisms that can 

ba clon.d into EKl hosts under P2 conditions>. Should HV2 

or HV3 syste~s of this type be developed and approved by NIH. 

guidelines fo~ their use in other types of recombinant DNA 

experiments 'Will also be established. tI ," 

IV. Roles and Responsibilities 

There was a great deal of comment directed to the rel~vant roles 

and responsibilities of the institutions and NIH as outlined in this 

section. Several commentators requested more information and greater 

cl:arification of the structure and operation of. the institutional bio-

hazards committees. (to be called "institutional biosafety comruittees" 

in the revision), the function of the biological safety officer, and 

the duties of the institution. Many other co~~ents were devoted to 

the membership and functions of the RAe and the responsibilities of 

the Director, NIH, under the proposed revisions. In light of these 

comments and my review of the administration of the Guidelines over the 

past two years, I would like the Committee to consider the following 

suggestions: 

that the contents of Part IV bp subsum~J und~r thr~p general 
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h~adings--namrly) Institution, NIH, and Compliance--with 

re3ponsibilities listed under appropriate subh~adings; 

P. • that application of the Guidelina~ extend to all recombinant DNA 

resparch done at institutions that receive NIH funding for 

recombinant nNA research; 

Q. • that all recombinant DNA research at NIH-funded institutions, 

irrespective of the projects' source Ot funds, be reviewed and 

approved by the Institutional Biosafety Committee (IBC); 

R. • that the authority be delegated from NIH to the IBC for an 

independent assessment of the safety standards applied, and that 

Committee approval be sufficient for the research to proceed; 

s. • that all research protocols reviewed and approved by the IBC be 

registered with ORDA-NIH and that ORDA would review all actions 

to ensure compliance with the NIH Guidelines (except for 

projects under the aegis of other Federal agencies); 

T. • that the institution assume responsibility for modifying the 

research protocol as recommE'!l1ded by NIH when NIH has f..Jund 

it in violation of the Guidelines. 

In sum, all recombinant DNA research in institutions receiving 

NIH funding shall be review~d and approv~d by the local IBe and 

registered at NIH or other funding Federal ag~ncy. Authority 

for approval has been delegated to the local biosafety committee. 

Approvals are subject to subsequent NIH review to ensure compliance 

with the NIH Guidelines, but inv~stigators will not ne~d approval 
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from NIlI to comml..~llC(,. By this means, n.1tional standards will g,Ovt·rn, 

with local responsibility for oversight ·and monitoring. I would 

appreciate. your views on this extension of the application of the 

Guidelines with dplpga~ion of suthority to the local IBCs and appropri-

ate NIH oversight. As noted previously, Appendix D has beep. substan-

tially revised to provide far greater guidance to the local institution 

on the evaluation and certification for safe practices and procedures. 

The following, for your consideration. summarizes a number of 

other speci fie issues that were r'shed: 

lnstitutional Biosafety co~~ittees 

U. • It has been suggested that institutional biohazards committees 

be named "institutional biosafety committees." 

V. • As noted above, the responsibility of the IBG would be changed 

to mandate an independent evaluation of the containment levels 

fo~ the research as required by the Guidelines. (In my 1976 

Decision on the Guidelin~ •• I stated that NIH should not require 

the local institutions to have their committ~es perform th~s 

function, although 1 did not prohibit them from doing so.) 

W. • It has been suggested that public membership on the lBC be 

mandated. 

I would welcome theCommitt~e's views on this recommendation. 

Biol~&icnl Safety Officer 

X. • ThE're were a number of questions concerning the roles and 

r~spon~ibilities of the biological safety offic~r. It 
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has bcpn suggestrd that the officec should cover all levels 

of recombinant DNA research. Wnat are the Committee's views 

on reco~~ending thatso~e person or persons be collectively 

responsible for biosafety monitoring of/recombinant DNA research 

at the PI through P3 levels and that a special officer be 

designated with certain responsibilities at the P4 level? 

Y. • It has also been recommended that the biological safety officer 

be a member of an IBe. What are the Co~ittee's views on this 

recol:Ullendation? 

Compliance 

Z. • It has been suggested that a section on penalties be included 

in Part IV. Would the Committee obj~ct to a compliance section 

that would state that violation of the NIH Guidelines may 

result in suspension, limitation, or termination of NIH grants 

or contracts? 

AA. • It has been suggested that information constituting registration 

of a project with NIH be included in Part IV. Would the Com-

mittee object to a registration section that would specify 

the basic requirements? 

BB. 0 As noted previously in the section on Biological Containment, 

there were many requests for NIH to permit voluntary 

registration and certification by institutions in th~ private 

sector. Would the Committee object to such a provision? 

ce .• There were a number of suggestions th~t general policy be 
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included on the prot('('tion of propriPtary information :lUd 

patent rights. As you kno~, it is a recent NIH d~cision that 

recombinant DNA research inventions developed under DHE\I sup-

port may be patented by institutions, subject to the condition 

that licensees ~ill abide by the safety standards of the NIH 

Guidelines. Would the Committee object to a provision on 

disclosure of information that would set g~neral policy guide-

lines in regard to pateats? 
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Exemptions*** 

It must be emphasized that the following exemptions are not meant to 
apply to experiments described in the previous section as being 
prohibited. 

The following recombinant DNA molecules are e~empt from these Guidelines: 

i. Those that are not in organisms or viruses (However, these 
should be handled '.roI; th microbiological techniques eq'J;valen~ 
to those of a P I I abo ratory and shou 1 d be i nac t i vatedi, prj or 
to disposal). 

Ii. Those that consist entirely of DNA segments from a single 
nonchromosomal or viral DNA source, though one or more of 
the segments may be a synthetic equivalent. 

Iii. Those in prokaryo~ic cells where all the DNA segments of the 
molecules are derived from genomes known to replicate within 
the cell used to propagate the DNA, though one or more of 
the segments may be a synthetic equivalent. (This does net 
include DNA segments only present in such genomes as a result 
of prior recombinant DNA experiments). 

iv. Those that consist entirely of DNA segments from different 
species that exchange /chromosomal7 DNA by known physiological 
processes, though one or more of the segments may be a synthetic 
equivClJent. A J fse of such combinations of ONAs wi' I be 
prepared and periodically revised by the Df rector, NIH. wi th 
the advice of the Recombinant DNA Molecule Program Advisory 
Committee. Certain classes are exempt as of publication of 
t~ese Revised Guidelines. The I ist is in Appendix X. 

v. Other classes of recombinant DNA molecules if the Director. NIH. 
on the recommendation of the Reco~binant DNA Molecule Program 
Advisory Committee, after appropriate notice and opportunity 
for public comment, finds that they do not preSei1t a significant 
risk to h~alth or the envrronment. 

* Refere~ce to be made at this point to that part of Emmett Barkley's 
rewrite of what was Appendix D in the 1976 Guidelines which will give 
detailed information about ways to inactivate DNA. 

**prepared with the help of a working group chaired by Dr. John Spizizen, 
Scripps Research Foundation (list of members is in Attachment III p.2) 
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'Ihe fullowing organisms of the Enterorocteriaecae family exhibit chranosomal 
DNA relatedness (201 or more homol<x]y of DNA of various pair.s tested) and 
genetic rccanbination or R-prime (R plasmid carrying chranosornal genes) 
transfer to 8. coli K-12 mediated by the IncP-l plasmids. - --
All species of the following genera: 

1. Escherichia (including E. coli K-12) 

2. Sh igellae 

3 • Salmonella 

4. Enterobacter 

5. Arizona 

6. Ci trobacter 

7. Klebsiellae 

In crldition the following 

l. Erwinia ,amylovora 

2. Erwinia dissolvens -

species: 

J. ~rwinia minipressuralis 

4. Serratia narcescens 

5. Levinea malonatica 

6. Levinea a~alonatica 
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'!he following organisms ~xhibit R-prime (R plasmid carrying chranosomal 
genes) transfer to.§.. coli K-12 mediated by the IncP-l plasmids. 

1. All members of the Enterobacteriaceae family 

2. Vibrio species (excluding Vibrio parahe~olyticus) 

3. Pseudomonas species 

4. Rh izobhnn species 

5. Acinetobacter calcoaceticus 

6. Agrobacterium tlJTll!!faciens 

7. Rhodopseudomonas sphaeroides 

8. Caulobacter crescentis 



Attachment IV-C 

The following genera and/or species possess R plasmids (Including R pJasmids 
of the IncP-l group) transferable to i. £2ll K-12. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9· 
10. 

11. 

12. 

J 3. 

14. 

J 5. 

16. 

17. 

18. 

19. 

All members of the Enterobacteri aeeae famf Iy 

Vibrio species (except Vibrio parah~molytfcus) 

Pseudomonas species 

Rhizobium species 

Acinetobacter calcoaceticus 

Agrobacterium tumefaciens 

Rhodopseudomonas ~phaerotdes. 

Caulobacter crescentis 

Proteus species 

Achromobacter species 

Aeromonas salmonicida 

Alcaligenes faecalrs 

Bordetella bronchiseptica 

Myxococcus xanth~ 

Neisseria gonorrhoeae 

Pastuerella hemolytlca 

Pastuerella multoclda 

Yerslnia speci~s (excludes ~e,stls, since It is a Class 3 agent) 

!!~o;;..m....;;o;.;.n..;;;;a..;;...s spec i es 

In addition. recombinant DNA experiments between ~. influenzae, and 
H. paralnfluenzae are exempt on the basis of extensive DNA homology. 
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Exemptions 

1 t mus t be emphas I zed tha t the fo 11 owl ng exemp,t ions are 

not meant to apply to experiments described in the previous 

section as being prohibited •. 

The following recombinant DNA molecules are exempt from 

these Guidelines: 

f. Those that are not in org3nfsms or viruses (See 

Appendix D for information on inactivating DNA). 

Ii. Those that consist entl nily of DNA segments from 

a single nonchromosomal or viral DNA source, though 

one or more of the segments may be a synthetic 

equivalent. 

ill. Those that are: a) derived from p1asmids or viruses 

indigenous to a bacterial host (or found in nature 

in that host) where the recomb! nant Dt~A molecules 

prepared from those plasmids or viruses and host 

genome are propagated within the host (or a closely 

related member of the same sp~cies); or b) derived 

entirely from the organelles (e.g. chloroplasts or 

mitochondria) of an organism where the recombinant 

DNA molecules prepared from the organelles are 

propagated within that organism (or a closely related 

member of the same species). 
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iv. Those that consist entirely of DNA segments from 

different species that exchange DNA by known 

physiological processes, thQugh one or more of 

the segments may he a synthetic equivalent. A 

list of such combinations of DNAs will be prepared 

and periodically revised by the Director, NIH. with 

the advice of the Recombinant DNA Molecule Program 

Advisory COlnmittee. Certain classes are exempt as of 

publication of these Revised Guidelines. The list 

is in Appendix ____ . 

v. Other classes of recombinant DNA molecules if the 

Direc.tor, NIH, on the :recommendation of the 

Recombinant DNA Molecul~ Program Advisory Committee, 

after appropriate notice and opportunity for public 

comment, finds that they do not present a si.gnificant 

risk to health or the environment. A list of such 

will be prepared and periodically revised. Certain 

classes are exempt as of, publication of these Revised 

Guidelines. The list is in Appendix ---
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Proposed Rules for In Vitro Packaging in HV2 Systems. Using X Vectors 

(1) The packaging extract must b. free from viable bacteria, 

(2) Any packagiog protocol ,ma~ be used, provided that control experiments 
on the packaging of EK2 vector DNA meet one of the following two criteria: 

(a) 

(b) 

+ -6 The number of amber phages produced must be less than 10 times 
the number of amber- phages. If shotgun populations are to be 
propagated in bulk culture or by confluent lysi8 methods t this 
measurement must be made on packaged EK2 vector DNA propagated to 
the same extent •• 

If the total number of amber- phages produced in a packaging experi-
ment 1s less than 106 • and if the shotgun population is not to be 
propagated in bulk, the number of observed amber+ plaques must be 
zero. 

(3) The above tests must be done on each batch of packaging extract used. 

(4) Any individual clone isolated from the shotgun must be tested for reten-
tion of the safety characteristic. of the vector before it can be used for' 
bulk propagation. 

(5) A description of the packaging protocol should be filed with NIH for 
information, but NIH approval i, not required provided that the above numerical 
criteria are met. 

VE.l\I.Flq~l.O}l".SJX s,AQII'i FEATURES IN EK2 VECTORS BEARING CLONED SEGl1ENTS 

Before extensive propagation of an Ell vector bearing a cloned segment, the 
investigator must check tbat the safety features of the vector are unaltered. 
What specific tests should be perform.d will vary with the nature of the 
vector. However, such tests mu.t not include genetie crosses that might pro-
duce recombinants in whieh a vector bearing a cloned segment is disarmed 
for any of its safety features. Such crosses can only be performed under 
eonditions of physical containm.nt appropriate to an EKl vector bearing the 
eloned segment in question. 

Jar example. if the vector is a A phage bearing two or more amber mutations. 
its multiple amber character should be checked by plating ~ a suppressor-minus 
host, thus verifying that its reveraion frequency to amber is less than that 
8:Kpected for a single amber. It should not be crossed with single amber mutants 
ot ~ to verify the presence of specific amber mutations. 
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DeWi tt Stetten ~ Jr. Y 

I am taking a Chairman's prerogative to invade the printed agenda. 

I should like at this time to share wHh you the reasons why I have felt 

impelled to resign my chairmanship of this Committee. Shortly after our 

last meeting of November 1977, I asked the Director, NIH, to accept my 

resignation and find a replacement for this chairmanship. He asked me to 

assist in the selection of a new Chairman and I have provided to him the 

names of candidates from which he is soon to make a choice. I am certain 

that you will be pleased with the name of my successor, and that the 

Committee will give the new Chairman the same devotion and industry which 

it has given to me. 

There were, of course, personal reasons for my resignation. I am four 

years older than I was when I was first appointed, I fatigue more easily, 

and, as you are all aware, my visual acuity has continued to decrease until 

I am able to read only a very small fraction of the large amount of paper 

which passes over lIlY desk in relation to this function. In addition, I 

have had a growing unhappiness with some of the directions which the 

recombinant DNA program has taken over the past four years. From my conver-

sations with members of the Committee, I believe that this unhappiness is 

shared by some of you, and this may be a good opportuni~ to verbalize this 

di scontent. 

11 Given at the meeting of the Recombinant DNA Molecule Program Advisory 
Committee, Apr1128, 1978, NIH, Bethesda, Maryland 

11 Deputy Director for Science, National Institutes of Health 
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Prior to the Asilomar meeting of February 1975, I had had only modest 

contact with nucleic acids a~d with genetics. I had worked in the labora-

tory with lipids, polysaccharides, and proteins. but had never handled 

any nucleic acids. I had never worked on a genetic problem, and had 

certainly never engaged in microbiological research. Except for some 

briefing which I secured from members of the intramural NIH family, I came 

to Asilomar cold. 

It has taken me several years to analyze and unscramble the experience 

of the Asilomar meeting. I now understand it more fully than I did at the 

time. It had many elements of a religious revival meeting. I heard several 

colleagues declaim against sin, I heard others admit to having sinned, and 

there was a general feeling that we should all go forth and sin no more. 

The imagery which was presented was surely vivid, but the data were scanty. 

I recall one scientist presenting information on the difficulty of coloniz-

ing the intestinal tract with I. coli K-12, but his presentation was given 

little attention. We were all, in effect, led down to the river to be 

baptized and we all went willingly. I, for one, left the meeting enthralled. 

I had never been to a scientific meeting which had so excited me. On my 

return to Bethesda, I was asked to summarize the events at Asilomar before 

a meeting of the generally staid NIH Institute Directors and I believe I 

was able to transfer to them some of my excitement. Over the succeeding 

months, the Recombinant DNA Molecule Program Advisory Committee met and, 

by July 1975, it drafted a set of guidelines at Woods Hole, Massachusetts, 

which I at the time thought to be reasonably satisfactory. They did not 

conform to my prior notion of guidelines exactly, since they bordered on 
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the encyclopedic. Nonetheless, I felt that we had successfully compromised 

most of the burning issues over which the Committee was initia11y strongly 

~ivided. When these guidelines were distributed, however, they elicited 

vigorous and often emotional responses, and among these responses there 

was one which 1 recall vividly. It· charged our Committee with having 

violated the "spirit of Asilomar." At the time this exprassion did not 

catch my attentlon~ but on cons1deration I was struck by the fact that 

despite the many, many meetings which I h~d attended at Atlantic City. I 

had never heard a reference to the "spfrit of Atlantic Clty." This charge, 

in fact, pinpointed for me the notion that the experience at Asilomar was 

essentially a spiritual one rather than an intellectual one. It was, in the 

usual sense, not a scientific meeting at all~ Whatever its purpose may have 

been 1n the minds of its initiators, a result was to fire the imagination, 

first, of the newspaper correspondents who were abundantly represented, and 

then af a substantial segment of the newspaper-reading public. 

By December 1975, our Committee, meeting at La Jolla. again assembled , . . 

a set of guidelines. Whereas up to that time I had insufficient confidence 

in my own judgment to hold a finm opinion on this issue, and found myself 

swayed by the views most recently presented, it was about the time of the 

La Jolla meeting that I began to wonder whether, indeed, any of the 

postulated hazards of recombinant DNA molecule technology were likely to 

rna teria 1'1 ze .; 

. The La Jolla guidelines served as the basis for a discussion at a 

meeting of the NIH 01rector J s Advisory Committee early in 1976, and this, 

in turn, was followed in July by the publication of the official NIH 
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guidelines. In this last transformation, something happened which I 

found disturbing. 

The miss10n of NIH is, I believe, very simply stated. It is to 

conduct and to support the very best biomedical" research that it can find 

to conduct and support. Similarly. the mission of our Committee and of 

the guidelines which it drafted was to provide assurance that research in 

the area of recombinant DNA molecules would be conducted in such a fashion 

as not to jeopardiz~ the laboratory. the cOI1111unity. or the environment. 

Both missions, it should be noted, are stated positively. It is the purpose 

both of NIH and of this Committee to encourage, to promote--not to forbid 

or to 1qJede. The legal profession represented at the Director's Advisory 

Committee meeting was critical of the concept of guidelines, which in my 

judgment are designed to provide guidance to the investigator and to those 

who review his proposal. We were informed that "what was needed was 

regulation, not guidance. This was exemplified by the recommendation that 

our instruction, written largely in the subjunctive mood (the investigator 

should ••• ) be replaced by the more peremptory language of regulations 

(the investigator shall ••• ). 1 recall arguing against such change in 

vafn. 

MY reasons were very simple. It is my interpretation of the history 

of science and indeed of all culture that regulation is antithetical to 

creativity, and creativity is the most important component of scientific 

advance. From this, it follows that the best regulation for the flowering 

of science is the least regulation--that is, the least regulation compatible 

with the needs of society. Furthermore, I feared and my fears were, I think, 
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. justified that regulation might lead to legislation with a specification 

of sanctions, i.e., punishment, for those who were in violation of the 

regulations. Whereas the so-called regulatory agencies of Government must 

from time to time adopt a punttive posture, this is, I believe, a poor 

posture for a research agency such as the National Institutes of Health. 

Against what hazards were we proposing to draft regulations? With the 

passage of time, the hazards .that had been pictured at Asilomar seemed to 

recede. Whereas a great number of positive and useful scientific resu)ts 

are being published based upon the technology of recombinant DNA molecules, 

to the best of mY knowledge no adverse results have been noted. Indeed, 

I believe that there is at this time not one iota of acceptable evidence, 

i.e., data publishable in a scientific journal, to indicate that the 

recombinant DNA molecule technology has ever enhanced the pathogenicity 

or the toxigenicity of any microorganism. This, of course, does not mean 

that it never will do so, but it does cause one to wonder whether all of 

the present fuss is truly justified. It places the hazards in this area in 

the same category as those in many other areas for which we have no positive 

evidence. To clarify this paint, let me offer you an analogy. Ever since 

the Middle Ages, it has been suspected that the ghosts of those who died 

by suicide are more menacing than ghosts in general. This anxietYt once 

implanted in the minds. of the people, let to some interesting containment 

practices. The bodies of victims of-suicide were excluded from traditional 

burial places, lest their ghosts pollute or otherwise disturb the mare 

peaceful ghosts of those who died of natural causes. They were doomed to 

be buried in the crossroads, and in order to ensure that the ghosts not 
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escape from the tomb~ a stake was driven through the body of the victim 

into the underlying soil, thus pinning the ghost into its grave. This 

containment practice continued for many centuries and was ultimately 

abandoned only in the 18th century. Experience since that time has 

justified the conclusion--that the hazard which had earlier been postulated 

was either of very small magnitude or possibly nonexistent. We may yet 

prove to be wrong about the safety of unpinning the ghosts of suicide 

victims, but I should be surprised if this were so. 

How long do we wait, in the absence of any positive evidence, before 

we decide that the hazards in a particular area of research are at a socially 

acceptable level? To this question I have no s~ecific answer. Soon we 

may come to the conclusion that the manipulations of recombinant DNA 

technology do not of themselves add significantly to the dangers inherent 

in the conduct of microbiological research. Then we can replace our 

complex and, I repeat, encyclopedic guidelines by a very simple statement. 

This might take the following fonn: liThe conditions of containment appropriate 

for any recombinant DNA experiment are those which are dictated by the most 

virulent or dangerous organism entering into that experiment." Is anything 

more really required? 

I hope that none of you will construe any of my critical remarks as 

being personally directed. They are not. I have thoroughly enjoyed and 

been stimulated by my contacts with the many members of the Committee. I 

hope that I have established enduring friendships with many of you, and I 

shall certainly follow your further deliberations with great interest and 

concern. I should like particularly to express my appreciation to the 
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several members of the NIH staff who have worked so hard and so loyally 

to keep this project afloat: Dr. Leon Jacobs who,'from the beginning, has 

served as Co-Chairman of this Committee, Dr. Bernard Talbot~ who' has 

worked enormously hard and valiantly, Dr. William Gartland, Director of 

the Office of Recombinant DNA Activities, his small but energetic staff--

Dr. Kamely and Dr. Goldberg. Then, there 1s Ms. Betty Butler, who not 

only made certain that all the paper flowed in the right directions but 

also nursed us through ou~ several tortured meetings. To work with all 

of these people has been a very rewarding experience. 

I wish you well in your future meetings. 



Tabie 1 
Recommended Containment for Cloning of Viral DNA or cDNA in [. coli K12 Host-V~ctor Systems 

(See Text for Full Details) 
--

Type of Viral DNA Segment to be Cloned 

Subgenomic1 GenOOlic 
Virus Class Non-transforming Segments containing Non-segmented Segmented 

segments an entire genome genome 
transforming gene 

DNA 
Non-transforming viruses 

AAV, MVM. Mouse Adena Strain FL Pll;+EKl P1 4+EKl 
Plant Viruses P1 4+EKl P1 4"'-EKl 
Other Presently Classified Viruses P-,4+EKl P1 4+EK1CVs 

Transforming Viruses . 
Herpes saimiri and H. ateles6 P1 4+EKl P2+EK1CV.5 P2+EK2 or 

P2+EK1CV s P3+EKl 
Other Presently Classified Viruses P1 4+EKl P2+EK1CVs 

RNA 
Retroviruses 

?2+E~lCVs Gibbon Ape and Woolly Monkey6 P1 4 +EKl P2+EK2 or 

P1 4+EKl P2+EK1CV 5 
P3+EKl 

Other Presently Classified Viruses P2+EK1CVs 

Negative Strand RNA P1 4+EKl P1 4+EKl P14 +EKl 
Plus Strand RNA 

Type 1 and 2 Sabin Polio, 170 
P1 4+EKl Yellow Fever Vaccine Strains P14+EKl 

Other Presently Classified Viruses P1 4 +EKl P2+EK1CV5 
Double Stranded RNA P1 4+EKl P1 4 +EKl 
Plant Viruses + Viroids P1 4+EKl P1 4+EKl P14+EKl 
liltracellular __ Vjral ONA2 See text See text See text 

viral mRNA I cDNA from 3 

! 

P1 4+EKl 
P1 4+£Kl 
Pl"+EKl 

P2ol-EK1CV5 

P2+EK1CVs 

P2+EKl 

P2+EKl 
P1 4+EKl 

P14 +EKl 
P2+EK1CVs 
P1 4 +EKl 
PV++EKl 
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1 ?99% pure (i .e., le~s than 1% of the DNA consists of intact viral genomes); otherllise as fOi~ 
whole genomes. 

2 Integrated genomes to be cloned at containment as for shotgun experiments with eukaryotic cellular DNA. 
3 The eDNA eopy of viral mRNA must be ?99% pure; otherwise as for shotgun experiments with eukaryotie 

ee 11 ul ar DNA. 
4 For all these experiments, Pl is defined as including a ban on mouth pipetting. 
5 EK1CV means the use of an EKl host and a vector certified for use in an EK2 syst~m .. 
6 These viruses have been classified by NCI as urnoderate risk oncogenic viruses," and NCI recornnends that 

the viruses themselves be handled uilder the equivalent of P3 containment. 
7 As classified in the Second Report of the International Cowrnittee on Taxonomy of Vi~uses: Classification 

and Nomenclature of Viruses, Frank Fenner~ Ed. Intervirology 7 (19-115) 1976. (As noted in the 
Prohibition Section, the use of viruses classified as Cl&ss 3,-4, or 5, in the CDC Classification of 
Etiologic Agents on the Basis of Hazard, other than VSV, is prohibited.) 
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(1) Viruses of EukaEVotes 

(a) DNA Viruses 

1. Non-transforming viruses 
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( a) MenD-associated viruses, minute virus of mice, muse 

adenovirus strain FL and plant viruses - PI physical 

containment including no J1'Outh pipetting + an EK1 

host-vector shall be used for mA recomt,inants produced 

with: (a) the whole viral genane; (b) subgenanic rNA 

segments; or (c) eDNA copies of viral mRNA3• 

(b) Other presently classified viruses? 

(i) PI physical containment including no mouth pipetting 

+ an EKl host-vector shall be used for: (a) DNA 

recanbinants produced with purified subgenanic rNA 

segmentsl; or (b) cmA copies of viral mRNA3 • 

( ii) PI physical containment including no ItOUth pipetting 

+ an EKI host and a vector certified for use in an 

EK2 system shall be used for OOA recatbinants 

produced with the whole viral gencme. 

2. Transfonni1)9 viruses 

<.~) Herpes saimiri and Herpes ateles6 

( i) PI physical containment including no nouth pipetting 

+ an EKl host-Vector shall be used for OOA reCCfl'binants 

produced with purified non-transformil19 subgencmic 

DiIA segments. 

(Note: Footnotes 1-7 used in this attachment and Table 1 are defined at the 
bottan of Table 1. When this material is integrated into the Guidelines, the 
footnote numbering will have to be changed.) 
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(ii) P2 physical containment + an EKl host and a vector 

certified for use in an EK2 system shall be used 

for: (a) DNA recombinants produced with purified 

subgenomic DNA segments! containing an entire trans-

forming gene; or (b) cDNA copies of viral mRNA3, 

(iii) P3 physical containment + an EKl host-vector or P2 

+ EK2 shall be used for DNA recombinants produced • 
with the \'/ho 1 e vi ra' genome, 

(£) Other presently classified viruses 

(i) PI physical contai~ment including no mouth pipetting 

+ an EKl host-vector shall be used for DNA recombi-

nants produced with purified non-transforming 

5ubgenomic DNA segmentsl, 

(ii) P2 physical containment + an EKl host and a vector 

certified for use in an EK2 system shall be used 

for: (a) DNA .recombinants produced with the whole 

viral genome; (b) purified subgenomic DNA segments 

containing an entire transforming ge"ne; or (c) cDNA 

copies of viral mRNA'. 

(b) RNA Vi ruses 

1. Retroviruses 

(a' -' Gibbun ape and Woollt monkey viruses 6 

(1) Pl physical containment including no mouth pipetting 

+ an EKl host-vector shall be used for DNA recombinants 

produced with purified non-transforming subgenomic 

DNA segmcn ts 1 • 
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(ii) P2 physical containment + an EKl host and a vector 

cert i fi ed for use in an EK2 system s ha 11 be used for 

DNA recombinants produced with: (a) purified sub-

genomic DNA segments 1 containing an entire transform-

ing gene; or (b) cDNA copies of viral mRNA3, 

(iii) P2 physical containment + an EK2 host-vector or P3 + 

EKl shall be used for DNA recombi nants produced with 

the whole viral genome. 

(~) Other presentlr classified viruses 7 

(i) Pl physical containment including no mouth pipetting 

+ an EKl host-vector shal I be used for DNA recombinants 

produced with purified non-transfonming subgenomic DNA 

se~mentsl. 

(ii) P2 physical containment + an EKl host and a vector 

certified for use, in an EK2 system shall be used for 

DNA recombinants produced with: (a) purified sub-

genomic DNA segments containing an entire transforJ':'ling 

gene; (b) the whole viral genome; or (c) cDNA copies 

of viral mRNA3, 

2. Negative strand RNA viruses - Pl physical containment including 

no mouth p'i petti ng + an EKl host-vector s ha 11 be used for DNA 

recombinants produced with: (a) the whole genome; (b) subgenomic 

DNA segments; or (c) purified eDNA copies of viral mRNA3, 

3, Plus-strand RNA viruses 

(~) Ilpes 1 and 2 Sabin poliovirus vaccine strains and strain 

170 (Theiler) of yellow fever virus - Pl physical containment 
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including no mouth pipetting + an ERl host-vector shall 

be used for rNA rea::rrbinants produced with: (a) the whole 

viral genane; (b) subgenanic rNA segments; or (c) purified 

eDNA copies of viral mRNA3• 

(b) Other prese~tlY classified viruses7 

(i) PI physical containrrent including no nouth pipetting + 

an EKl host-vector shall be used for DNA recombinants 

produced with purified subgenamic DNA segments!. 

(11) P2 physical contail1Ilent + an EKl host and a vector 

certified for use in an EK2 system shall be used for 

rNA recanbi~ts produced with: Ca) the whole genane; 

or (b) purified cINA oopies of viral mRNA3• 

4. Double-stranded segmented RNA Viruses - PI physical containment 

including no mouth pipetting + an ERl host-vector shall be used 

for DNA recombinants produced with: (a) mixtures of subgenomie 

DNA segments; (b) a specific subgenamic DNA segments; or (c) 

purified eDNA oopies of viral mRNA3• 

5. All Plant Viruses and Plant Viroids - PI physical containment 

including no ITOUth pipetting + an EKl host-vector shall be used 

for DNA reoambinants produced with: (a) the whole viral genome; 

(b) subgenamic DNA segments; or (e) eDNA copies of viral mRNA3• 

(c) Intracellular Viral DNA - Physical and biological containment specified 

for shotgun experim:mts with eukaryotic cellular DNA (Sec. III-B-l-a-( 1» 

shall be useds for DNA recombinants produced with integrated viral DNA 

or viral genomes present in infected cells. 



Vector DNA-

Table 2 
Recommended Containment for Recombinant DNA Research Using Eukaryotic Viral Vectors 

(See Text for Full Details) 

Productive Virus-Cell Interactions Non-Productive 
Virus-Cell Interactions 

1. Polyoma 
Intact Genome 
Deleted Genome 

... SV4Q Co. 

Intact GenOOte: 
Deleted GenlJlT1e 

3. Human Ad2+Ad5 
Daleted GenOO1e 

4. r~use Adenovirus 
(Strain FL) 

Intact·Genome 
Deleted Genome 

5.:- Insect Viruses 
6. Plant Viruses 

(CaMV and BGMV) 
7. A 11 other poten- I 

tial Viral Vectors 
- ---- --- ----- ---- --

* CBe - Case by case 
*·See Text 

Prokaryotic 
Shotgun Purified 

Pz· P2 
P2 P2 

. -- --
P2 P2 

P3 P3 

cse* CSC* 
P2 P2 

CBC* CBC* 
** ** 

CSC'" CBC'" 
- - L..- _ --

Type of DNA Insert 
- Eukaryoti c 

- . Shotgun- Purified 9 

Natural Host Other 

P2 P3 P2 
P2 . P2 P2 

.... - - --. P2 P3 ;"3 
. 

P3 P3 '3 

CBC* CBC* CDC* 
P2 P2 P2 

CBC* eBe* CBC· 
** ** ** 

CBC· CBC* I CBC· 
- ----- ---- --- L ..l ___ 

- '-

Eukaryotic 
Viral -

I 

CBC* 
CBe* ----
CBC* 

CBC* 

CBC· 
eBC· 
CBC· 
CSC* 

CBC· 
- - --

P2 8 

P2 8 

P2 8 

P2 8 

P2 8 

P28 

P2 8 

----
CBC· 
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8 Provided the inserted DNA sequences. are not derived from eukaryotic viruses. In the latter case, such I-' 

- experiments will be evaluated on a case-by-case basis. 
9~99% pure; othe!~ise as for shotgun experiments_ 
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3. D."P'!r:i.Jw...nts with Euk.pfYotic Host-Vectors 

a. Vertebrate Hos1;,-Vector systans 

BeCause this ....ork will be done alJrost exclusively in tissue culture 

cells, which have no cap:1City for pro~ation outside. the laboratory, 

the primary focus for containrrent is the vector; it should be pointed 

rut that risk of lal:x>ratory acquired infection as ~ consequence of 

tissue culture manip.llations is very low. Given good microbiological 

practices, the most likely m::x1e of e~ of reccmbinant alAs frun 

a physically contained lalx>ratary is carriage by an infected bJman; 

thus the vector with an inserte:i DNA se;Jm6l1t should 'have little or 

no ability to repliea.te or spread in humans. !Urther, a ~eccmbinant 

vims sh:W.d not inadvertently pose a threat to any species. 

For use as a vector in a vertebrate host cell systeu, an an.inal viral 

DNA nolecule should display the foll0win9 properties: 

(a) It sb::JUld not consist of the whole genc:me of any agent that is 

infectious for hunans or that replicates to a signific!Ult extent 

in human cells in tissue culture. If the recaubinant rolecule is 

used to transform non-permissive cells (i. e. cells \o.hich do not prcd\Jce 

infectious virus particles) I this is nOt a req.liranent. 

(b) It st¥:luld be derived fran a virus \'klose epidemiological behavior 

wit host range are well understood. 

(c) In permissive cells, it shculd be defective when CMI"jing an 

inserted DNA scqncnt; (Le. prop:tgation of the rcc:anbir~t 

IlU\ as a virus must be dcpcndC'.nt u!X>n the prer.cnce of d cunplcrocnt-

ing helper gCllonc). In alnost all cases this coooition wcr...ud 00 

achieved uut.cm"ltically by the manipulations \l!:7"Jd to construct 
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and propagate the recanbinants. In addition, the anount of DNA 

encapsidated in the particles of nost animal viruses is defined 

Within fairly close limits. The insertion of sizeable foreign 

DNA sequences, therefore, generally demands a compensatory d~letion 

of viral sequences. It nay be ~ssible to introduce very short 

insertions (50-100 rose pairs) without rendering the viral vector 

defective. In such a situation, the requirerrent that the viral 

vector be defective is not necessary except in those cases in ~..mich 

the inserte:i DNA encodes a biologically active polypeptide. 

It is desirw rut not required that the fUnctional anatany of the : . 
vector he known - that is, there shoold be a clear idea of the location 

within the nolecule of: 

(a) The sites at which DNA synthesis originates and terminates. 

(b) The sites that are cleaved by restrictioI?- endonucleases. 

Ce) 'lile template regions for the major gene prod.ucts. 

If possible the helper virus genc::fl'e should: 

(~) be integrated into the genome.of a stable line of host cells 

(a situation that would effectively limit the growth of the 

vector recanbinant to such cell lines) or. 

(ii) consist of a defective genare, or an appropriate cxmditional 

lethal nutant virus,· making vector and helper dependent uI:X>n 

each other for propagation. 

~er, neither of these stip.llations is a requirem::mt. 

(1) Polycrna Virus 

(a) Prcrluctivc virus-cell interactions 
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1. Defective or Intact polyoma virus genomes. with 

appropriate helper, if necessary, can be used in P2 

conditions to propagate DNA sequences from; 

LU bacteria of CDC class 1 or class 2 (see Appendix 

8), or their phages or plasmids., except for those 

that produce potent polypeptide toxins. 

!!U from mi ce 

W from other eukaryot i c organ isms that do not produce 

potent polypeptide toxins, provided the DNA segment 

is ~ 99% pure. 

2. Defective polyome genomes, with appropriate helper~ if 

necessary, can be used 'i~ p~ conditions for shotgun 

experiments to propagate DNA sequences from eukaryotic 

organisms that do not produce potent po~ypeptide toxins. 

3. Intact virus genomes w,ith appropriate helper, if necessary, 

can be used in P3 ~onditjons for shotgun experiments to 

~a9ate DNA sequences from eukaryotic organisms that 

do not produce potent polypeptide toxins~ 

4. Experiments involving the use of defective polyoma virus 

genomes to propagate DNA s~~uences from eukaryotic viruses 

will be evaluated by the NIH on a case-by-case basis and 

will be conducted under the recommended physical containment 

conditions. 

(b) Non-productive virus-cell inter"actions - Defective or intact 

polyoma virus genomes can be used as vectors in P2 conditio", 

to transform non-permissive cells in culture provided the 

inserted DNA sequences are not derived fran eukaryotic viruses. 
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In the latter casc, such experiments will be evaluated by 

NIH on a case-by-case basis. 

(2) Simian Virus 40 

(a) Productive virus-cell interactions 

1. sv40 DNA, rendered unconditionally defective by a 

deletion in an essential gene, with appropriate 

helper. can be used in P2 conditions to propa9~te 

DNA se~uences from: 

(a) bacteria of CDC Class 1 or Class 2 (see Appendix S), 

or their phages or plasmids, except for those that 

produce potent polypeptide toxins. 

(b) uninfected African green monkey kidney cell 

cultures. 

SV40 DNA, rendered unconditionally defective by a 

deletion in an essential gene, with an appropriate 

helpe~ can be U5e~ in P3 conditions to propagat~ DNA 

sequences from eukaryotic organisms that do not 

produce potent polypeptide toxins (shotgun experiments 

or ~ 99% purified DNA). 

3. Experiments involving the use of defective SV40 genomes 

to propagate DNA sequences from eukaryotic viruses will 

be evaluated by the NIH on a case-by-case basis and will 

be conducted under the recommended physical containment 

conditions. 

(b) Non-productive virus-cell interactions - Defective or intact 

svlfo genomes can be used a s vee tors .j n P2 cond i t j ons to 

transform non-permissive cells in culture provid~d the 

ln5erted DNA 5equ~nces are not derIved from eukaryotic viruseS. 
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In the latter case, such experiments will be evaluated 

by NIH"on a case-by-case basis. 

(3) Human Adenoviruses 2 and 5 

(a) Productive virus·cell interactions 

1. Human adenoviruses 2 and.5. rendered unconditionally 

defective by deletion of at least 2 capsid genes. with 

appropriate helper{s), can be used in P3 conditions 

to propagate DNA sequences from: 

(a) bacteria of CDC Class , or Class 2 (see Appendix B) 

or their phages or plasmids except for those thai 

produc~ potent polypeptide toxins. 

(b) eukaryotic organisms that do not produce potent 

polypeptide toxins (shotgun experiments or .~ 99% 

purified DNA). 

2. Experiments involving the use of unconditionally 

defective human Ad 2 and 5 genomes to propagate DNA 

sequences from eukaryotic viruses will be evaluated 

by the NIH on a case-by-case basis and wIll be conducted 

under the recommended physical containment conditions. 

(b) Non-productive vi~us-cel1 interactions - Defective or intact 

human Ad 2 and 5 genomes can be used as vectors in P2 

conditions to transform non-permissive cells in culture 

provided the inserted DNA sequences are not derived from 

eukaryotic viruses. In the latter case, such experiments 

will be evaluated by NIH on a case-by-case basis. 
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(4) Murine Adenovirus Strain FL 

(a) Productive virus-cell interactions 

1, Unconditionally defective murine adenovirus strain 

FL genomcs, with appropriate helper, can be used 

in P2 conditions to propagate DNA 'sequences from: 

(a) bacteria of CDC Class 1 or Class 2 (see 

Appendix B) or,their phages or plasmids except 

for those that produce potent polypeptide toxins. 

(b) eukaryotic organisms that do not produce potent 

polypeptide toxins (shotgun experiments or ::... 99% 

purified DNA). 

2. Experiments involving the use of intact murine 

adenovirus strain FL genomes to propagate DNA 

sequences from prokaryotic or eukaryotic organis~s 

will be evaluated by the NIH on a case-by-c.ase basis 

and will be conducted under the recommended physical 

containment conditions. 

3. Experiments involving the use of unconditionally 

defective murine adenovirus strain FL genomes to 

propagate DNA sequence~ from eukaryotic viruses 

will be evaluated by the NIH on a case-by-case 

. basis and will be conducted under the recommended 

physical containment conditions. 

(b) Non-productive virus-cell interactions - Defective or 

intact murine adenovirus strain FLgenomes can be used 

as vectors in P2 cond itions to tram:; form non-permissive 
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cells in culture provided the inserted DNA sequences are 

not derived from eukaryotic viruses. In the latter case, 

such experiments will be evaluated by NIH on a case-by-

case basis. 

(5) All other potential viral vectors 

(a) Experiments involving the use of viral DNA vectors 

consisting of 25% or less of the vi~us genome can 

be done: 

1. in P2 conditions to transform cells in culture 

provided the inserted DNA sequence~ aTe not 

derived from eukaryotic viruses. In the latter 

case, such experiments will be evaluated by NIH 

cn a case-by-case basis. 

2. under physical containment conditions to be 

determined by the NIH to propagate DNA sequences 

from prokaryotic or eukaryotic organisms, with an 

appropriate helper. 

(b) Experiments involving the use of other intact or 

defective virus genornes to Eropagate DNA sequences trom 

prokaryotic or eukaryotic organisms (and viruses) or as 

vectors to transform non-permissive cells will be 

evaluated by the NIH on a case-by-c.:lse hnsis and will be 

conducted under the recommended physical conClinm('nt 

conditions. 

The NIH will .:lIsa review all l':q)(·dm('ntsillvolvin~ tile l1:~L' uf 

virUf; vecton~ in animals and til(' physIcal cootainml'ot ,'onditioos 

appropriate for sllch studies. 
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b. Invertebrate Host-Vector SYRtems in which Insect VIruses are used 

to Propagate other DNA Se~ments 

As soon as information concerning the nature of the host range, 

infectivity, persistence and integration in vertebrate and invertebrate 

cells becomes available, experiments involving the use of insect viruses 

to propagate DNA sequences will be evaluated by the NIH on a case-by-

case basis and will be conducted under the recommended physical 

containment conditions. Experiments should be done in established 

invertebrate cell lines and should follow, where appropriate, criteria 

recommended for vetebrate viral DNA vectors /Sec. III-B-3-a/. 
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c. Plant Viral Host~Vector Systems 

The DNA plant viruses which could currently. serve as vectors for 

cloning genes in plants and plant cell protoplasts are Cauliflower Mosaic 

Virus (CaMV) and its close relatives, which have relaxed circular double 

stranded DNA genomes with a molecular weight of ~.5 x 106 , and Bean Golden 

Mosaic Virus (BGMV) and related viruses with small «106 daltons) single-

stranded DNA genomes. These· viruses are not known to integrate into host 

chromosomes, or to incorporate cellular genes into their genomes. CaMV is 

spread in nature by aphids, in which it survives for a few hours. Sponta-

neous mutants of CaMV that are not transmitted by aphids arise frequently; 

these mutants fail to make a transmission factor essential for aphid trans-

mi ss ion. BGMV is spread in nature by w~ i tefl i es, in wh ich it survi ves for 

several days to three weeks; certain oth~~ Single-stranded DNA plant viruses 

are transmitted by leafhoppers. in which the viruses persist for days or weeks. 

Single-stranded DNA plant viruses are thought not to replicate in their insect 

vec tor. 

The DNA plant viruses have narrow host ranges and are relatively 

difficult to transmit mechanically to plants. For th·is reason, they are 

most unlikely to be accidentally transmitted from spillage.of purified 

preparations of the virus. 

When these viruses are used as vectors in intact plants, or 

propagative plant parts, the plants should be grown under Pl conditions, that 

is in either a limited access greenhouse or plant growth cabinet which is 

insect-proof, preferably with positive air pressure, and in which an insect 

fumigation regime is maintained. Soi I, plant pots and unwanted infected plant 

materials shQuld be remov~d from the greenhouse or cabinet in sealed. insect proof 
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containers and sterilized. It is not necessary to sterilize run-off 

water from the infected plants as this is not a plausible route for 

secondary infection. when the viruses are used as vectors in tissue 

cultures or in small plants in axenic cultures, no special containment 

Is recommended. Infected plant materials to be used for further research, 

which have to be removed from the greenhouse or cabinet, should be 

maintained under insect proof conditions. These measures provide an 

entirely adequate degree of containment and are similar to those required 

in many countries for licensed handling of "exotic" plant viruses. 

The viruses or their DNA may also be useful as a vector to introduce 

genes into plant protoplasts. The fr~gility of plant protoplasts combined 

with the properties of the viruses mentIoned above provide adequate safety. 

Since no risk to the environment from the -Jse of the DNA plant virus/ 

protoplast system is envisaged, no special containment is recommended, 

except as described in the following- paragraph. 

Experiments involving the use of plant virus genomes to propagate 

DNA sequences from eukaryotic viruses will be evaluated on a case-by-case 

basis and will be conducted under the recommended containment conditions. 



Attachment IX 

llA7.AR.."J CLASSIFICATION OF PLANT PATHOGENS 

Class 1A Plant pathogens not in Class lB. 

Class IB All organisms that are subject to quarantine testrictions 

for any of the following reasons: 

(i) Plant pathogens not knoWn to occur in the U.S. 

(ii) Plant pathogens that are not widely distributed through-

out the ecological range of their hosts. 

(iii) Plant pathogens subject to federal or state eradication 

or suppression programs. 

All plant pathogens whether domestic or foreign require state and 

federal (USDAl) permits for shipment across state lines. 

lAddress to obtain application to import or move a plant pest or pathogen: 
Plant Importation and Technical ~upport Staff, Plant protection and Ouaran-
tine Progrilms, Animal and Plant Health Inspp-etion Service, USDA, Federal 
Center Buildlng, Hyattsville, Md. 20782. 


